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ABSTRACT 


Significant ehangas in tha Nation'a alaetric powar ayatama ara axpactad 
to raault from tha intagration of naw technology, poaaibly during tha naxt 
dacada. Digital connunicationa for monitor and control, axcluaiva of pro- 
tactiva relaying, are expected to double or triple currant traffic. Eatimataa 
of thia traffic have been made and a nationwide aatimata of 13 Hb/a haa bean 
projected. Of thia total, 8 Nb/a ia attributed to the bulk-power ayatam aa it 
ia now being operated (A Mb/a) and a complex of tha largar-aicad diaparaad 
atoraga and ganaration unite (4 Mb/a). Thia traffic could be accommodated by 
currant communicationa aatellitea uaing 3- to 4.5-m-diameter ground terminala 
coating $35,000 to $70,000 each. The remaining 5-Mb/a traffic ia attributed 
to new technology concepta integrated into the diatribution ayatem. Such traf- 
fic ia not compatible with current aatellite technology becauae it will require 
email, low-coat ground terminala. Therefore, a high affective iaotropic radi- 
ated power aatellite, auch aa the one being planned by NASA for the Land Mobile 
Satellite Service, will be required. A new frequency allocation for the 
utility'a fixed aervica may alao be deairabla. Incluaion of other electric- 
utility operationa-related functiona could aigniflcantly increaae thia traffic; 
nevertheleaa , a ahared aervice with other uaera may be desirable to provide an 
efficient aatellite workload. 
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PAET ONE 

BXECVTIVB SUMMARY 


EXECUTIVE EUMriARY 


SATELLITE APPLICATIONS TO ELECTSIC-UTILITY COMMUNICATIONS NEEDS 

Thii itudy manmi th» appIkMIlty of utoM/roi to tho communicotloni nquiromontt 
for monitor »nd control of oltctrk utfUtiot, Tho curront rtot/onwido bufk po¥vor'$ytt»m 
rrtort/tor and control traffk It mtimstod at 4 Mb/t. It it furthar attimatad that by tha 
yaar 2000 tha largar that of dkoaraad ttoraga and ganaratlon unitt will contributa 
4 Mb/t of additional traffk. Both of thaaa naadt taarn amanabk to, and can ba tatie- 
fkd by, currant communkatlont aataltltaa. In contratt, futura monltv' ^d control 
traffk, attimatad at about 6 Mb/t, ttamming from Intayratlon of naw tainnology Into 
tha dittrlbution tyttam It not campatibla with currant tatallita tachnology. Naw tat- 
allltat art raquirad whkh parmit tha tm of tmall, low<ott ground tarminalt. Tha lat- 
allita planrtad by NASA for tha Land MobHa Satalllta Sarvka It a good aaampla. Othar 
oparationt-ralatad furKtIo lal raquiramantt that taarn to ba compatibla with tha currant 
or planrtad tatallita tachnology. If tha Laid Moblla Satalllta Sarvka it included, ara: 

(tl voka and data communkatlont to varlout oparational titat, moblla unitt, 
mainlanatKa/wtrvica cantart, and anginaarirtg/adminlitrativa locatlont, and (2) ramota 
vidao monitoring and talaconfara/Klng, for whkh naadt ara amarging or ittcraating. 

Thaaa furKtiont would tlgnlflcantly Incraaaa tha potantlal tatallita traffk attighabla 
to tha alactrk utiUtiat. 


Many electric utllltlee are In the proceaa of upgrading their control 
aysteas to provide more comprehensive end eutomsted control of bulk-pover- 
ayetes functions. In addition, control will eventually be extended to the 
distribution system for operational- and load-management purposes. This 
development will be accompanied by, and perhaps hastened by, the need for 
control of dispersed storage and generation (DSC) units located in the 
distribution system. All of these control processes will Involve the 
development of rellatJe comunication systems of suitable capacity. The 
purpose of this report is to explore ways in which these communications might 
be provided by satellite transmission. 

A satellite system serving bulk-power-system needs could be established 
through the lease of capacity on one of the current C-band cMimerclal satellites 
It is estimated that the total bulk-power control-system traffic of a large 
utility (i.e., one supplying IX of the nation's electrical energy) is about 
40 kb/s. With current tariffs, the annual cost of leasing backed-up 
transponder capacity to accommodate this traffic is about il0,000. Because of 
the small point-to-point traffic on most fulk-power-system links, each 
satellite channel '-"ould most probably be operated in a time-division-multiple- 
access (TOMA) mode, with the channel bandwidth chosen to accommodate the total 
’>ulk-power-system traffic of a single utility. 

The price of a fully redundant, 4.5-meter, TDMA earth station designed 
for this application is estimated to be 174,000. Incorporation of redundancy 
into the earth-station design *Artually eliminates the possibility of an 
outage due to component failure in the ground segment. In the event of a 
transponder failure, the presence of an alternate communications mode maV^s 
possible an almost Instantaneous switchover to the backup transponder. A 
significant communications outage, lasting several hours, would occur only as 
the result of a total satellite failure. In this event, the alternate 
communications mode would be used until the earth-station antennas could be 
repolnted in the direction of the backup sarelllte. 
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C-band satellite coaaiunicatlona could alao be used in the control of 
DSGa. These renewable aourcea of energy are expected to contribute between 4Z 
and lOZ of the natlon'a electrical energy supply by the year 2000. C-band 
transmlsalon la an Ideal form of roaununl cat Ions for those types of DSGs (e.g., 
hydroelectric and wind-generation) located In remote areas, where location 
and/or terrain make other communications alternatives unattractive. 

On the other hand, satellite transmission at C-band may be Inappropriate 
for DSGs located In mure populous areas, because of the need for coordination 
with terrestrial services operating In the same frequency band. Satellite 
transmission at K„-band would solve this problem; however, current K,j-band 
satellite systems are designed for wideband operation, rather than the narrow- 
band TDMA mode necessitated by the low DSG data rates. The latter are about 
150 b/s per . SG (for a 2-a scan rate) In both the poll and response direc- 
tions. A lb ge utility might Include 100 DSGs In the l-MW-plus category and 
have a combined DSG pol l/reaponse data rate of about 40 kb/s (Including data 
generated by smaller DSG units). 

A maximum antenna size of 3 m has been postulated for general DSG use, 
as well as for other specific distribution-system applications. C-band 
transmission with this size dish has not yet received Federal Communications 
Commission (FCC) approval . However, It appears from applying a proposed Inter- 
natlonal Radio Consultative Committee (CCIR) Recommendation, that Interference 
Into adjacent satellite systems would not be excessive with 3-m antennas. The 
maximum data rate supported by such a system, based on an earth-station 
hlgh-power amplifier (HPA) rating of 5 W, varies from 12 to 19 kb/s depend- 
ing on the sensitivity of the satellite receiver. 

The price of a nonredundant , 3-m earth station suitable for DSG 
operation Is estimated at $32,000. Redund/tncy is not required, because an 
earth-station failure would produce only a local effect. A transponder 
failure could be overcome by programing the DSG controller to attempt to 
communicate over the backup transponder whenever communication has been 
interrupted for a specified period of time. A total satellite failure would 
require repointing of earth-station antennas before communication could be 
resumed . 

Most distribution automation and control (DAC) functions could be per- 
formed effectively via sateillte only through the introduction of earth-terminal 
equipment which is cost-competitive with equipment needed for other communica- 
tions alternatives (l.e., hundreds of dollars rather than thousands). Because 
of the increasing cost of earth-terminal equipment with frequency, the lowest 
post.ible frequency should be sought. For this reason, and also because of the 
need to avoid interfering with other satellite systems, S-band transmission 
offers the most promise among existing f ixed-satelllte-servlce (FSS) frequency 
allocations. However, the compatibility of such a system with terrestrial 
services operating at S-band requires further Investigation. 

The alternative to S-band transmission would be the allocation of a new 
frequency band, yerhaps 1 MHz In width, for the utility application. A lower 
limit on the range of candidate frequencies would be set by the man-made noise 
background in urban areas, but would presumably be about 1 GHz. 

It Is concluded that bulk-power-system communications requirements can 
be satisfied by using current C-band satellites and relatively inexpensive 
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earth statlona. The D8G coaBunicatlone can be provided by current aatellltea, 
with even laaa axpanalva earth atatlona, although the need for this type of 
cooBunlcatlona la not expected to fully materlallee until the 1990s. DAC 
coousunlcatlons by satellite, on the other hand, requires the availability of 
satellite syatams which can utilise very small and Inexpensive ground 
terminals, and poaalbly a new frequency all «catlon as wall. Such sateHlte 
systems do not now exist commercially although planning Is underway within 
NASA's Land Mobile Satellite Service program. The cost effectiveness of such 
a satellite network whan applied to, or shared by, the electric utility 
Industry remains to be established. Other potential users having similar 
requirements might Include oil and gas distribution, exploration and 
production companies, medical data exchange networks, emergency warning 
networks, etc. 

In light of the above, the following near-term actions are recommended. 

(1) Follow-on traffic study to Include mobile communications 
requirements of utilities and requirements of major transmission 
utilities such as TVA, Bonneville or Western Area Power 
Administration. 

(2) Follow-on frequency management study to Investigate Interference, 
coordination, and assignment Issues In greater d'"<th, particularly 
at S-band and lower. 

(3) Formulate a program for experimentally exploring. In partnership 
with a utility, the feasibility of key concepts developed In this 
and the follow-on studies, but using existing C-band satellites. 
Such a program might Include, for example, the establishment of an 
experiment link for monitor and control of various bulk-power- 
system units. 

(4) Identify and survey other potential users of a "narrow band" 
fixed-satellite service system. Identify user requirements and 
develop an estimate of potential communications traffic. 
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PART TWO 


SATELLITE APPLICATIONS TO ELECTRIC-UTILITY 
COMMUNICATIONS NEEDS 




SECTION I 


INTRODUCTION 


The coonunlcetiona eyateae of atacy electric ut lilt lea are undergoing 
major new developments. In the areas of power generation and ttanamisalon 
(l.e., the bulk-power ayatem), upgrading of existing communications parallels 
the modernleatlon of utility control systema. This modernleatlon process la 
aimed toward greater automation, higher reliability, and general streamlining 
of data gathering and anulysia. RelicHllty considerations demand that each 
pair of sitek exchanging data be connected by a pair of independent communi- 
cation paths. A satellite link can 4'^erve as one such path. Moreover, satel- 
lite transmission can readily be established with current communication 
satellites, since the required earth stations are compatible In siee and cost 
wlth bulk-power-system installations. 

By contrast, communications within the distribution system Is in Its 
Infancy. Control over customer loads to reduce peak-power requirements has 
been exercised in the United States only In the last several years. Moreover, 
automation of operational-management functions, such as feeder-network recon- 
figuration, Is largely In the discussion stage. However, Interest In distri- 
bution automation and control (DAC) is expected to Increase as sources of 
renewable energy become more prevalent in the distribution system. As these 
dispersed storage and generation (DSG) units begin to represent a significant 
portion of the nation's generation capability. It will become Increasingly 
Important to integrate them into the utility control system. 

At present, various competing technologies are being examined to deter- 
mine which are best suited to perform the different DAC functions. It is 
logical to include satellite transmission among the candidate communication 
modes. 


The feasibility of conducting utility-company communications by satel- 
lite depends on the number and nature of sites at which earth stations must be 
deployed. A control-system model presented In Section 11 provides a framework 
for discussing the communications topology. Actual control systems vary in 
structure; consequently, this model should be regarded as merely typical. 
Moreover, because DAC is virtually noaexlstent today, the portion of the model 
pertaining to distribution-system operation is somewhat hypothetical. None- 
theless, Introduction of the model makes possible a categorization of communi- 
cations links by earth-terminal types, as well as an aesoclation of control 
(and thus communication) functions with the various links. 

An assessment of satellite communications must begin with a determination 
ot the traffic requirements. Two different traffic estimates are developed 
for the bulk-power system In Section 111, following a description of the prin- 
cipal monitor and control functions to be performed. The first estimate Is 
based on the control-system requirements of a local utility. This estimate Is 
formed by considering the totality of points that must be monitored and/or 
controlled, together with the associated scan rates. The second estimate Is 
based on a detailed model utility of comparable size, and was compiled at JPL 
(Reference 1) based on one of the Electric Power Research Institute (EPRl) 
synthetic utilities (Reference 2). Systematic examination was made of the 
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Bonltor and control roqulraionta of oach bulk-powcr-aystaa inatallation. The 
twu ^atiaataa dlffar by a factor of about 4. A reconciliation of the two 
eatlat'taa la poaaible, ao that, between thea, a raaaonably good Idea of the 
bulk-pcwer-ayatea traffic can be obtained. 

An eatlaate of DSC traffic requlreaenta la preaented In Section IV, again 
following a deacrlptlon of aaaoclated aonltor and control functlona. Alternate 
topologlea for the DSC llnka are deacrlbed In teraa of the control-ayatea aodel. 
The baalc data requlreaenta are extracted froa a recent General Electric Coa- 
pany report (Reference 3); however, the aaauaed aeaaage foraat la baaed on 
recoamendatlona contained In an Inatltute of Electrical and Electronlca 
Bnglneera (IEEE) working paper (Reference 4). The DSC traffic, projected to 
the year 2000, la comparable In aagnitude to the bi*'k-power-ayatea traffic. 

Three different dlatrlbutlon-ayatea traffic eatlmatea are preaented In 
Section V. Two are baaed on atudlea performed at NITRE Corpuration (Reference 
5) and Boeing Aeroapace Corporation (Reference 6); the third waa developed at 
JPL (see Reference 1). The three eatlaatea are not directly coaparable In 
either functional requlreaenta or aeaaage foraat. Moreover, there la a wide 
divergence In the aagnitudea of the eatlaatea. This la not too aurprlalng, 
conalderlng that there la little hard evidence on which to baae a projection 
of DAC traffic. Becauae it la conalatent In aethod of derivation with the 
bulk-power-ayatea and DSG-*trafflc eatlaatea, the JFI. eatlaate haa been ta'- jn 
aa a aeaaure of future dlatrlbutlon-ayatoi traffic. 

With a deacrlptlon of the functlona to be perforaed and eatlaatea of the 
data ratea required for their performance, It i: poaalble to aaaesa the ault- 
abllity of satellite communications. This la done In Section V' , which consti- 
tutes the heart of this report. As a preview to this rather detailed dis- 
cussion, some of the major considerations are highlighted In the following 
pa ragraphs. 

The traffic estimates given In Sections III through V represent the 
total projected traffic for each segment of the utility system. In the 
bulk-power system, much of this traffic exists today and Is carried by 
transmission modes other than satellite. The extent to which satellite 
transmission might be adopted In the future depends on utility-company plans 
to augment the existing ccxmnunlcatlons capability, either In breadth of 
activity or in reliability. The former aspect Is related primarily to the 
needs of control-system modernization. 

Within the distribution system, the major question concerns the rate at 
which the projected traffic will materialize. Satellite transmission is at a 
slight disadvantage as a candidate to support this traffic, since experi- 
mental evidence Is already being gathered on the suitability of alternate 
communications modes (Reference 7). More Importantly, appropriate satellites 
for transmission to ma.iy distribution sites do not exist today. 

E};cept for transmission to mobile units, utility-company communications 
via satellite should be conducted at frequencies allocated to the fixed- 
satellite service (FSS). Many of these bands are shared with the fixed 
(terrestrial) service, a circumstance that could make frequency coordination 
of any proposed satellite service difficult In populous areas. Additionally, 
Federal Communications Commission (FCC) approval of small earth statlois 
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(l.«.,<4.S-a antenna dlaaatar) for C>band tranamiaclon nay not occu. . For 
thaaa raaaona, tranamiaalon via praaanc-day aataliitaa la largely limited to 
bulk-power ayatem and, depending on the minimum parmlaalble antenna alae, DSC 
appllcatlona. 

The problem of finding a aultabla rranamlaalon vehicle la compounded by 
the low data ratea generated throughout the utility ayatem. The total control- 
ayatem traffic for a large utility can be meaaured In tena of kllobita. There- 
fore, aatelllte tranamiaalon la moat appropriate to aatellltea that permit 
acceaa by narrowband carrlera In a ahared-tranaponder mode. 

On th,< other hand, the combination of narrowband tranamlaslon and the 
need for very low-coat ear'h termlnala makes dlstrlbutlon-ayatem traffic a 
natural candidate for Inciualon In NASA'a Narrowband Communication Program 
(Reference 8). The primary application of this program to date has been the 
Land Mobile Satellite Service. Technology developu^cts required for 
implementation of an operational LMSS system are discussed in a recent paper 
by Weber, et al., (Reference 9). Much of the same technology would be 
applicable to utility-company communications. However, the latter application 
would require a frequency different from the (806-890)-MHs band newly 
allocated to the Land Mobile Satellite Service. 

With the total traffic generated by a typical larp;r utility being fairly 
small, point-to-point data rates are extremely low. F' l example, the average 
data rate on links joining bulk-power-system sites to ihe energy control 
center (ECC) of a large utility typically ranges from 1 to 20 kb/s. On the 
other hand, generation plants, and the transmission system as well, have a 
number of points that must be monitored as frequently as every 2 s. This 
creates the need for a large number of communications links to time-share a 
common, narrowband satellite channel. 

The subject of transponder multiple-access is discussed in Section VII. 
From the standpoint of network control, it is desirable to assign separate 
satellite channels to different utilities. This assignment implies a variable 
channel bandwidth, with each utility assigned a band commensurate with its 
traffic requirements. The ability of modest sized earth stations (l.e., those 
with 3-m antennas), operating in conjunction with current C-band satellites, 
to support the required data rates is demomstrated in Section VIII. 

Timing considerations for a time-division multiple-access (TDMA) system 
are also discussed in Section VII. Because a relatively long TDMA frame period 
of 2 s suffices in the bulk-power system, timing of transmissions from 
different stations can be relatively crude without adversely affecting trans- 
mission efficiency. The absence of a need for precise timing has Important 
implications regarding the complexity of earth-station design. 

Because of the possibility of satisfying bulk-power-system and certain 
distribution-system communications requirements with current C-band 
satellites, a detailed link analysis of such a system is provided in Section 
VIII. Both 4.5-m and 3-m earth-station antennas are considered. In the 
process, link equations that must be satisfied for satellite transmission at 
any frequency are developed. 
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Trad«-off curves are prasentad, In Cha 3 -b case, for the required earth- 
station transalttar power aa a function of the channel data rate, with satel- 
lite receiver sensitivity as a parsaater. Llaltatlons on uplink transalttar 
poirar (or, equivalently, the channel data rate) laposad by the need to avoid 
Injecting excessive Interference Into other satellite systeas are also con- 
slderad. In this regard. It Is shown that the use of 3-a antennas Is consis- 
tent with the projected dlstrlbutlon-aystaa data rata of a large utility In 
the year 2000. 

This report Is directed at two distinct audiences: those concerned with 

utlllty-coapany coaaunlcatlons, for whoa satellite transalsslon Is slaply one 
possible coaaunlcatlons aode; and coaBunlcatlons-satelllte engineers, to whoa 
utlllty-coapany coaaunlcatlons requlreaents represent another possible area of 
application. The aaount of tutorial aaterlal presented In the utility area, 
and the relative lack of saae In the satellite area, largely reflects the 
association of the writer with the latter group. 

Thus, readers with a knowledge of electrlc-utlllty operations may find 
the descriptive isaterlal In Sections II through V superfluous. However, this 
material should be helpful to coamunlcatlons-satelllte engineers in under- 
standing the nature of utility-company comaunlcatlons requirements. The latter 
group, hopefully, will have no problem with the discussion of satellite link 
design In Section VIII. However, those not versed In satellite communications 
may wish to consult other sources before attempting this material. 


SECTION II 


ELECTRIC-UTILITY CONTROL-SYSTEM MODEL 


Th* miior »l»mtnn of a typka! prwaant-day atactric utiUty an daacribad and a 
rapraaantativa control atructura It modalad. At a futura projection tha control tyttam 
modal It axtandad to tha dittrlbutlon tyttam, avan though virtually no regular 
communication It carried below tha dittrlbutlon tubttatlon today. Tha traffic attimatet 
uted In thit report are derived later uting tha control ttructure di^icted by thli model. 


The major elements of an electric-utility system include the bulk or 
central generation plants, transmission system, distribution system, and 
customer-load system (Figure 2-1). Power produced at bulk sources is stepped- 
up in voltage for transmission to bulk-power substations (BPSs), at which 
point the voltage is reduced before further transmission, over subtransmission 
links, to distribution substations. The combination of central generating 
plants and transmission lines terminating in BPSs is referred to as the bulk- 
power system. The transmission system is typically quite complex, with a 
nupber of alternate paths (for reliability purposes) connecting each generating 
plant with the various BPSs. In addition to these connections, transmission 
links referred to as interties provide connections with the bulk-power systems 
of other utilities. 

A number of different voltage levels can be found within the bulk-power 
system. Although there are certain voltage levels that commonly appear, there 
is little uniformity, even within a given utility, in the voltage appearing at 
the primary or the secondary side of a BPS transformer. In fact, the tendency 
toward ever-increasing transmission-system voltages has resulted in voltage 
levels, associated at one time with the bulk-power system, having been pushed 
downward into the distribution system. 

The distribution system begins at the secondary side of the BPS trans- 
former. The role of each principal element of the distribution system is 
defined in Table 2-1. The distribution system is characterised by a radial 
network structure, so that at any given time each primary feeder circuit, 
together with the associated laterals and secondaries, is associated with a 
particular distribution substation. An elaborate system of switches permits 
sections of customer load to receive power via alternate paths to the sub- 
station, or from a different substation, should a fault occur along the 
initial path. 

Responsibility for ensuring that a reliable supply of electrical power 
is delivered to the customer at minimum system operating cost rests with the 
ECC. This term is often used interchangeably with the term energy-management 
system (EMS). For present purposes, an EMS is defined as a collection of con- 
trol strategies and operational practices, together with associated hardware 
and software, needed to accomplish the objectives of energy management (Refer- 
ence 10). Activities of the EMS include: sianagement of all generation and 

transmission equipment within its area of control (for frequency and voltage 
control); control of power exchange to/from external areas; diagnosis and 
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Figure 2-1. Major Components of an Electric Power System 



TaH* 2>1. Functional Claaalf ication of Diacribution-Syataa Coaponanta 


Component 

Function 

Bulk-power-substation 

aacondary 

Racaives power from the tranemiasion syatam 

Subtransmission system 

Circuits that emanate from the bulk-power 
substation and supply the distribution 
subatationa 

Distribution substation 

Receives power from the aubtranamission 
circuits and traaaforma it to the priouiry- 
feeder voltage 

Primary feeder, lateral 

Circuits that emanate from the distributf rtn 
subatationa and provide path of power fluw to 
the distribution transformers 

Distribution transformer 

Transfotma power from primary feeder voltage 
to consumer-util ication voltage 

Secondaries and services 

Circuits that provide path of power flow at 
secondary or util ication voltage from the 
distribution transformer to the consumer 
property 


correction of eyatea electrical probleaa; and recording of data pertinent to 
ayatea operation, diagnoatica, and billing. Thua, EMS ia an all-incluaive 
tera that eabracea control-ayatea equipaent diatributed throughout the utility 
network. By contraat, the ECC ia the phyaical aite from which the real-time 
aapecta of EMS operation are directed. 

The general form of preaent utility control ayatema ia ahown in Figure 
2-2. Direct control ia exerciaed by the ECC over generating planta, trana- 
miaaion linea, and BPSa, i.e., over all bulk-power-ayatem elementa. The 
output required of ctach generating plant, determined at the ECC, ia conanuni- 
cated over a data link to a local controller, which determinea how the total 
power required ia to be apportioned among the varioua generation unita. Voice 
communication ia alao maintained between the ECC and peraonnel permanently aa- 
aigned to the generating planta. 

Bulk-power atationa may be either manned or unmanned. Unmanned aub- 
atationa are controlled and monitored via auperviaory control auch as the 
modern auperviaory control and data acquiaition (SCADA) ayatema. Manned aub- 
atationa may also include SCADA remote units. 


2-3 




& 



2-4 









DisCribution-S]f>C«a control ic offoctod through a network of 
diatribution dlepateh eantara (WCa). Each DIK: has a direct cowunications 
link to the tOC» as wall aa to the diatribution aubatationa under ita control 
(which aay nuad>ar aa aany aa SO). Diatribution aubatationa have generally 
been operated unaanned, with aeparata aubayateaa for control, protection, and 
■onitoring. SCADA reaiota unita are becoaing sore prevalent at diatribution 
aubatationa for control and for coaaunication of neceaaary inforaation back to 
the DDC. 

Virtually no regular coaninication exiata to util ityaya tea aitaa below 
the diatribution-aubatation level (except for load aanagaaant, which ia never* 
theleaa in ita infancy). Thua, fault detaction ia loft to other aeana, auch 
aa a talephona call to report the loaa of aervice. Reconfiguration of the 
diatribution feeder network, including iaolation of faulted feeder aectiona, 
ia accoapliahad aanually by teaaa diapatched by the DDC. 

The control-ayataa aodel uaed in thia report, which ia intended to be 
representative of future, ■odernised control systews, ia depicted in Figure 2-3. 
The aajor fonaal diatinction between thia Bodnl and that of Figure 2-2 ia the 
inaertion of control points at the distribution-substation level, referred to 
as DACs. These control points, in one-to-one correspondence with the 
substations, aonitor operation of the feeder networks and issue appropriate 
coasiands for feeder-network reconfiguration. The DACs are also responsible for 
perforaing load aanagaaant and mote aetar reading, as well as for controlling 
DSGs assigned to the associated distribution substation. 

Apart froa the foraal distinctions between Figures 2-2 and 2-3, the 
future control systea will incorporate a greater degree of autoaation and 
perfora functions not done by present-day control systeas. 
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IULX>POUER-8Y8TBM TRAFFIC REQUIRENENTR 


Tr^lk nqjkmnmttn for monitor ond control ot tfm bulk pomcr tybtom arc dov^opod. 
The actimotm for » krgo, local, inatrapolltan utility tma baan compared to tltoaa 
ganaratod for a modalad utility and a compaaka ma gan' arad. Tha raaukktg compodta 
haa baan amployad In latar aaetlona of tbia report and m^/ba aummarltad aa 40 kb/a for 
a rapraaantativa larga utility and 4 MbM for tha U.S. afaetrk utdky Induatry. 


In the control-tyatra oKxlal of Figure 2-3, the BCC ^«erte direct control 
over the bulk-power eyetea end Indirectly aonitors dtetributlon-eyetem opera- 
tion through the DDCs. The aajor bulk-power-eyetea eleaente are the central 
generating planta, BPSa, tranaaisalon linea connecting generating plante with 
the BPSa, and intertiea with other utilltiea. The latter provide the necesaary 
connectiona no that energy can be delivered froa one utility to another. 

The bulk-power ayatea will often Include a nuaber of ewltching atatlona, 
which provide alternate connectiona between generation unite and BPSa, thereby 
iaprovlng the reliability of the tranaaiaaion ayataa. Switching etariona gen- 
erally collect and rediatrlbute power at a coaaon voltage, l.e., they noraally 
do not perfom a voltage-tranaforaation function. Occasionally, ewltching 
atatlona will be found in the aubtranaaiaelon ayatea. Control over the aub- 
tranaalaalon ayatea, to the extent required, ia alao perferued by the BCC. 

Different utllitiea arc in various transitional stages from a control 
ayatea that haa evolved in a pieceaeal fashion to one that la highly autoaated, 
with frequent and coaprehensive aonitorlng of individual generation unite and 
nuaerous critical points in the tranaaiaaion ayatea. Control aay be central- 
ised or decentralized within the bulk-power ayatea; the aodel in Figure 2-3 
asauacs a single control point in the fora of the ECC. Redesign and/or up- 
grading of the telec<Mnaunlcationa ayatea is an integral (and aajor) part of 
control-syatea aoderrization. 

Following a bri*f discussion of the aonitor and control functions 
required in the genei .ion and tranaaiaaion areas, and a description of the 
control systea proposed for one local utility, a pair of independent bulk- 
power-systea traffic estiaates are preaented. The first, which Is relatively 
crude, is based on the nuaber of status, alara, and analog points that aust be 
reported for the entire local utility bulk-power systea. The second estlaate 
Is derived froa a utility aodel developed by JPL (see Reference 1) froa one 
of the EPRI synthetic utilities (see Reference 2) and represents a top-down 
approach to specifying the data requireaents . The latter aethod has also been 
used to estlaate the distrlbutlon-systea traffic (see Section V-E). 


A. MONITOR AND CONTROL FUNCTIONS 

The prlaary activity of the ECC is to ensure that a reliable supply of 
electrical power is delivered to the custoaer at the mlnlaua systea operating 
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coat. Attaiimant of miniaam operating coat iaipliaa that the operating fre- 
quency and voltagea mat be maintained at the proper valuea. In addition, 
power flow between araao mat be controlled to meet contractual agreementa with 
other ayatcma. To implement theae functiona, a SCADA ayatem ia generally em- 
ployed. The required analyaia of collected data ia performed by computer, 
while aubaequent control actiona may be either automated cr manual. 

Tie ECC ia reaponaible for the control of all bulk-generation aourcea. 

The ECC might uccaaionally exerciae direct control over large DSGa, but for the 
moat part theae would be under the control of a DDC or DAC. The term automatic 
generation control (AGO) ia uaed to deacribe automated regulation of the power 
output of generatora within a preacribed area, to maintain the acheduled ayatem 
frequency and the eatabliahed interchange with other areaa. The diatribution 
cf generation requirementa among alternative aourcea to achieve maximum ayatem 
economy ia referred to aa econamic diapatch. In aelecting a aet of generator 
outputa, conaideration ia given to incremental coata of power generation, 
together with the aaaociated tranamiaaion loaaea. Additionally, a balance 
muat be atruck between real-time load requirementa and the need for periodic 
maintenance of generation unite. 

In current utility operationa, whenever the power ayatem deviatea from 
acheduled interchange or frequency (uaually 60-Ha) valuea, an area control 
error (ACE) ia generated che central control point. Thia error ia dia- 
tributed among the generation planta under control, with each plant directed 
to raiae or loi«er generation ao as to bring the ACE to aero. A controller 
within each plant further diatributea the error among individual generation 
units to achieve maximum economy. 

Generally, when the ACE exceeds a specified amount, economics are over- 
ridden and all plants share equally in the ACE to improve generation response. 
Within each plant, however, the error continues to be distributed according to 
ec'^aomics. If the system response to a large ACE is sluggish, the control- 
center dispatcher telephones plant operators to manually adjust generation and 
assist ill system regulation. 

Inability of a utility to control individual generation units from a cen- 
tral control point results in a loss of regulating capability and an associated 
economic penalty. This problem will be solved, in general, for single-utility- 
owned generation units once a comprehensive and automated energy-control system 
has been implemented. The problem will remain, however, of coordinating the 
output of generation units shared with other utilities. 

The local utility studied, for example, has numerous ties with other 
utilities at the BPS or switching-station level. Moreover, most future major 
generation sources will be located outside its control area and will assume 
the form of jointly-owned nucleat or coal-fired units. Current operating 
agreements do not provide for joint regulation of jointly-owned plants. 

The ECC is also responsible for the configuration of the power trans- 
mission system, and must ensure its security and safety of operation. The 
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tranaaiaalon ayae«a la raeont'igurad through cha action of circuit braakora 
located at varioua BPSa and switching stations. Autoaiatic voltaga/ 
volt**asiparas*raactiva (VAl) control is the procass of aaintainfng line voltaga 
and VAR flow throughout tha transaiaaion ayataa within pradatarainad liaits. 
Lina voltages are aost frequently aaintainad at d<asirad values through tha 
adjustaant of load-tap-changing transforaars. VAR flow control, which is 
needed to liait transaission losses, is accoaplished through the introduction 
of reactive coapensation at appropriate points. 


B. UTILITY EXAMPLE 

The traffic occasioned by the control-systea activities studied provides 
one exuple of the requiraaants of a large utility. Before an estiaate of 
this traffic is derived, however, soae of the characteristics of the present 
and planned bulk-power control systeas will be described. 


1. Shortcoaings of Present Control System 

Transaission-systea control, which is conducted by the load- dispatching 
center (LDC), suffers from several deficiencies. Both VAR flow control and 
transformer load-tap adjustment are accomplished by telephone coamunications 
with substation operators, rather than in an autoaated manner. Post- 
disturbance analysis is often difficult because of an insufficient number of 
monitoring points. Frequently, there is also a loss of telemetry data due to 
lack of alternate metering points, alternate communication routes, or a 
reliable communications system in some areas. 

As presently exercised by the LOG, transmission control extends only as 
far as the 15 manned BPSs. The balance of the transmission and subtransmis- 
sion system, which includes 6 unmanned BPSs, 3 switching stations, 94 distri- 
bution stations, and 15 industrial stations, is controlled from the 15 manned 
BPSs. In this network, which is an example of a supervisory control system, 
each manned BPS controls the circuit breakers and load-tap-changing trans- 
formers of, and receives telemetry data from, the substations within its area 
of control, much as the ECC does for the entire transmission system in t^e 
control-system model. 

Every master (manned) BPS contains a separate supervisory unit for each 
remote receiving or switching station, most distribution stations, and some 
industrial stations under its control. For example, one master station has 14 
master sets and 5 station control boards, which keep track of 1,220 control 
and inuication points. This multiplicity of supervisory units leads to very 
unwieldy operation of the supervisory control system. It is especially diffi- 
cult to analyse the trouble during emergency and stress conditions, should a 
number of alarms or line outages occur within a short time interval. Operators 
do not have sufficient tiise to log all the sequences of alarms and outages, 
and therefore must rely on their memory to reconstruct a series of events. 

In addition to the present supervisory control system, the utility has a 
loop supervisory system, with a master station located at the LDC and remote 
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■ices located in manned ?nd unmanned receiving and awitching atationa. Tha 
loop auperviaory ayatam haa no control capability; it merely tranamita circuit- 
breaker, hot-bua, and hot-line indicationa from the remote atationa to the LDC 
for diaplay on a ayatam map board. 


2. Future SCADA Syatem 

The utility providea a good example of a utility that ia making the 
transition to a moderniaed control aystem. The 8CADA system will have 
automated primary and alternate digital control systems, a digital backup 
system for AGC, and a manual control -system for those occasions when all else 
fails. Control will be centralised at the newly designated ECC, as the role 
of the existing LDC is gradually phased out. The final form of the telecom- 
munications (TELECOMM) network topology is shown in Figure 3-1. Although the 
distribution substations are physically linked directly to the BPSs, as 
before, the latter function only as relay stations as far as data relating to 
the substations are concerned. 

Ttie data circuits will be a combination of cable, cable carrier, power- 
line carrier, and microwave facilities. The network will use utility-owned 
facilities if they are either available or cost-effective to install. Remote 
terminal units (RTUs) located at the receiving, switching, and distribution 
stations will be connected to the ECC either point-to-point on dedicated 
channels or multipoint on the smne channel, depending on the data load from 
each RTU. On multipoint channels, each RTU will have a unique address and 
will be polled on a time-shared basis by sequential addressing. 

In addition to the data channels, a voice communications system will be 
provided to meet load-dispatching requirements. This system will include 
private-automatic-exchange (PAX) equipment at the ECC and the receiving sta- 
tions. Tie trunks will be provided from the ECC to the receiving, switching, 
anc> generating stations, as well as between other pairs of bulk-power-system 
stations. Lines will also be provided to distribution stations. This 
configuration will support an internal dial system between the ECC and the 
remote stations, thereby eliminating many existing dedicated lines. 


3. Traffic Estimate Based on Bulk-Power-System Requirements 

Data regarding the performance of the bulk-power system must be gathered 
at regular intervals that depend on the importance of the function being 
monitored. From Table 3-1, which states the sampling rates, all AGC- 
related data require updating every 2 seconds The same is true of bulk- 
power-system breaker and device status, as we. ' as high-priority alarms and 
indications. Transmission-system analog values, in addition to subtransmission 
related quantities, may be sampled at lower rates. 

A rough estimate of the volume of data that must be communicated to the 
ECC to adequately monitor bulk-power-system performance was made. The equiva- 
lent 2-s sampling load for the year 2000 will include 1,850 device-status 
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ABBREVIATIONS 

ECC ENERGY CONTROL CENTER 

GS-n nTH GENERATING STATION 

SS-n nTH SWITCHING STATION 

BPS-n nTH BULK- POWER SUBSTATION 

DS-n rTH DISTRIBUTING STATION 

MV/ MICROWAVE 

P PRIMARY CHANNEL 

A ALTERNATE CHANNEL 

NOTES: 

1. ALL PRIMARY CHANNELS FROM BPSs TO ECC WILL BE PREDOMINATELY MICROWAVE (WHERE AVAILABLE). 

2. ALL ALTERNATE CHANNELS WILL USE ANY FACILITIES AVAILABLE. ALTERNATE PATHS WILL BE SELECTED 
FROM TELECOMMUNICATION FACILITIES OTHER THAN THOSE USED FOR THE PRIMARY CHANNEL, IF 
AVAILABLE, 

3. PRIMARY CHANNELS REQUIRED FOR RTU»: 

RTU» (AT GS/SS/BPS) - I MW CHANNEL PER RTU 

RTUj (AT DS) - I MW CHANNEL PER DS (BPS TO ECC) 

SPARES - 2 MW CHANNEL PER BPS 

4. ALTERNATE CHANNELS REQUIRED FOR RTUs AT GS, SS, BPS; 

I CHANNEL OR 1-4 WIRE OR 2 PAIRS PER GS, SS, BPS 


Figure 3-1. TelecoBmuoications Channel Network 
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Table 3-1. Polling Rates for Data Acquisition 


Function 

Polling Interval, s 

Bulk-power-system analogs for ACC (tie flows, 
generation, and frequency) 

2 

Bulk-power-system breaker and device status 

2 

High-priority alarms and indications 

2 

Bulk-power-system internal flows and voltages 

10 

Subtransmiss ion-system breaker and device status 

10 

Subtransmission-system flows and voltages 

30 

Noncritical system data (weather, transformer 
temperatures, etc.) 

30 

Low-priority alarms 

30 

Bulk-power substation power transformer and 
tie-line energy accumulations 

3600 


points, 1,729 alarm points, and 770 analog points. This compilation was made 
to assess the required computer processing time, rather than to determine a 
communication requirement. For the latter purpose, it is necessary to specify 
a communication protocol, together with a distribution of the number of sample 
points per RTU during each scan. 

The protocol for "automatic supervisory and data acquisition systems for 
electric generation, power utilization, and power conversion stations" de- 
scribed in an IEEE working paper (see Reference 4) will be used to estimate the 
bulk-power-system communications requirements. This paper is based, in turn, 
on the American National Standards Institute (ANSI)/IEEE standard approved in 
1979 (Reference 11). The poll and response message formats are shown in 
Figure 3-2. Because the information field of the response message can vary 
from 3 to 27 8-bit bytes, the total response message, exclusive of the 
preamble, can be as short as 74 bits or as long as 266 bits. 

The length of a specific RTU response message depends on the number of 
data points of each type to be reported. It is recommended that 12 bits 
(including 1 sign bit) be reserved for each analog value (see Reference 4). 


POLL MESSAGE 


MESSAGE 

ESTABLISHMEtsIT 


16 bits 


RESPONSE MESSAGE 


MESSAGE 

ESTABLISHMENT 


PREAMBLE 
+ 16 bits 


Figure 3 -2. 


INFORMATION 


MESSAGE 

TERAMNATION 


24 bits 


34 bits 


INFORMATION 


MESSAGE 

TERMINATION 


24-216 bits 


34 bin 


Poll/Response Message Formats 









It will initially be aaeuaed that the data for each RTU reaponae ia a vultiple 
of 192 bite (24 bytes), or the equivalent of 16 analog values. This is not 
unreasonable because there are typically aore than 100 analog points par BPS 
(although not necessarily all sampled at 2-s intervals). With an information 
field of 24 bytes, the message length is 242 bits. The assumption of a near- 
maximum-length information field for each block of the response message leads 
to a data-transfer efficiency of 192/242 ■ 0.79. 

The bit rate corresponding to 770 analog points reported at 2-s inter- 
vals is 770 » 12/2 ■ 4.62 kb/s. Tie 1,8S0 device-status and 1,729 alarm points 
require only a single bit per point (although it is suggested that some points 
may require a second, "memory" bit). If these binary variables are also sam- 
pled every 2 s, the total bit rate is 6.4 kb/s. 1/ the data to be reported by 
each RTU were actually an integer multiple of 192 bits, the composite RTU 
data-response transmission rate would be given by 6.4/0.79 " 8.1 kb/s. To 
account for the fact that the last oiessage block transmitted by an RTU will 
generally contain fewer than 192 bits, the transmission rate should be rounded 
up, ^ay to 10 kb/s. 

The effect of the preamble on message efficiency has been ignored to 
this point. The preamble is used for carrier acquisition and bit synchron- 
ization. In the response direction, it is assumed that the carrier frequency 
and bit timing are derived from the corresponding quantities in the poll sig- 
nal. As a result, carrier-frequenc and bit-timing uncertainty in the signal 
received at the polling station will be quite small. For this reason, the pre- 
amble can be mcde quite short and should have only a slight effect on message 
efficiency. 

It should be mentioned that, rather than transmit each analog and binary 
value at the required update interval, data could be reported "by exception." 

For a binary variable, this means reporting change-of-status only. For an 
analog variable, only a departure from the previously reported value by more 
than a specified amount would be communicated. Of course, all data points 
reported in this manner would require (say 12-bit) identification. (In the 
previous case, the position of data within the information field identified 
the point being sampled.) This 12-bit identification would double the number 
of information bits for each analog value reported; for each binary value, the 
increase would be from 1 to 13 bits. 

It is impossible to assess the transmission efficiency of the reporting- 
by-exception alternative without knowing the frequency with which different 
variables require updating. The potential improvement is limited by the lower 
efficiency of a given protocol with reduced message lengths. Also, any improve- 
ment in transmission efficiency would be partially offset by the increased 
complexity of RTU hardware and master-station software, especially &b they 
relate to analog data values. 

The poll-message traffic will be smaller than the response-message traf- 
fic, because the information field on each scan need only identify the set of 
points to be sampled (in addition to specifying any necessary control actions). 
The number of bits required for this purpose depends on the number of different 
groupings that must be distinguished. 
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Bacaus* of tha larga aatallita propatation dalaya* aaparata channala 
will ba aaauaad for tha poll and raaponaa dlractiona (aaa Saction VII-D). 

This saparacion of channala allows tha BCC, which is tha only polling station, 
axclusiva usa of ona of tha channals. Tha BCC can tharafora transait, in a 
continuous aannar, with no naad for praaablas at tha start of aassagas. In- 
fraquant transaission aagpiants can ba rasarvad for acquisition purposes, to 
accoa«>date naw stations in tha network or stations that, for ona reason or 
another, have taaporarily lost thr BCC signal. 

Fdt siaplicity, equal channel bandwidths will ba allocated in tha poll 
and response directions. The total capacity required for this utility, 
therefore, is 20 kb/s. Tha bulk-powar-systaa traffic requiroieiU VviU be 
extrapolated to a nationwide requiraoiant by considering tha fractional nu^er 
of custoaers served. If tha nuabar of electric aatars is taken as a aeasura 
of tha nimdiar of custoaars, there is a total of 110 aillion custoaars served 
by tha nation's 3,100 utilities (see Reference 6). This utility, on tha other 
hand, has a total of about one aillion custoaers. It aay be concluded that, 
nationwide, bulk-power systeas generate traffic at the coabined rate of 2 Mb/s. 


C. TRAFFIC ESTIMATE BASED ON JPL ELECTRIC-UTILITY MODEL 

R. M. Barnett at JPL has coaputed the traffic requirements for a 
synthetic utility representing spproxiaataly IZ (i.e., 11,000 MW) of Che 
cepsclty of ell U.S. electric utilities (see Reference 1). This computation 
was done by making assumptions regarding the number of RTUs at each site, 
together with the number of devices to be sampled and Che corresponding scan 
rates . 


The salient features of the utility analysed are presented in Table 3-2. 
This model deviates from the one presented in Figure 2-3 in chat distributior 
aubaCations report directly Co the BCC, rather Chan through a DDC. Some of the 
data on Cheae linka refer to diatribuCicn-syaCem acCivitiea (in compressed 
form), and other data relate either to Che role of the substation as a terminus 
of Che subtransmission system or to the status of the substation elements. Thus, 
the substation-co-E(X: linka carry data relating to both bulk-power-system and 
distribution-system activities. 

To obtain the data requirements for the model utility, it was assumed 
Chat a single RTU is adequate for each distinct site, with the exception of 
generation plants. In this case, a separate RTU was assumed for each class of 
generation unit (i.c., nuclear, oil, combustion turbine, etc.), with an addi- 
tional RTU for Che associated switchyard. 

The assumed sampling rates for different types of monitor points are 
essentially the same as Chose shown in Table 3-1. The assumed format for poll 
and response messages is also the same as that used Co derive the previous 
traffic estisuite. The resulting traffic in the poll and response directions 
is shown for each type of link in Figure 3-3. A data summary according to 
geieracion, transmission and subtransmission, and distribution-substation 
funecions is given in Table 3-3. It will be assumed, for simplicity, that all 
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Table 3-2. Salient Featuraa of Synthetic Utility 


Itea 

Number 

Generating plants 

6 

Bulk-aupply eubatetione 

35 

Induetriel subetaticna 

40 

Switching atetione 

6 

Intertie lines 

15 

Distribution substations 

200 

Meters 

l.O X 10^ 

Large 

10 

DSG Sites Intermediate 

39 

Small 

2500 


Table 3-3. Synthetic-Utility Bulk-Power-System 

Data Requirements, kb/c. 

Functional Area 

Poll 

Response 

Generation 

7.4 

21.3 

Transmission and Subtransmisaion 

4.3 

19.0 

ECC to DAC 

0.5 

4.7 
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Figure 3-3. Energy Control Center Data-Flow Diagram 
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BCC-Co-DAC traffic is ralatad to bulk-powar-ayatoa activitlas. Tha total bulk- 
powar-tyataa raaponaa traffic is than 45 kb/s. With aqual channal bandwidtha 
in tha poll and raaponaa diraetionSf tha bulk-povar-aystaa channal-capacity 
raquiraaiant is 90 kb/a. 

Tha corrasponding traffic for tha antira Unitad Stataa is roughly 100 
tiaaa as graat as that for tha synthatic utility, or 9 Mb/a. This is 4.5 
tiaas tha traffic aatiaata pravioualy obtainad. Tha disparity is accountad 
for, in part, by tha largar nunsbar of bulk-powar-systasi inatallationa (a.g., 

35 varsus 19 BP8s) includad in tha aodal utility. In addition, it will ba 
recallad that a data*transfar afficiancy of 0.79 rasultad from nassaga-langth 
assimptions in tha foraar coaputation of traffic raquiraaants. This afficiancy 
is near the upper end of the 0.5 to 0.8 efficiency range baliaved to be 
typical. For all of these reasons, the coaposite bulk-powar-systea data rate 
for the 0.8. electric-utility industry will be taken as 4 Mb/s and that of a 
single large utility as 40 kb/s. 
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SECTION IV 


DISPERSED STORAGE AND (XNBRATION SYSTEMS TRAPPIC REQUIREMENTS 


A projtctlon it nud 0 of futuro, yoar 2000, DSO population. Naw monitor and 
control functlona and communkatlorm natwork topologlaa ara diaeutaad. A rapraaantativa 
eommunicatlona format and protocola ara aaaumad and communIcMiona traffk for thia 
naw utility aktmant k aatimatad. A larga utility might hava 100 DSOa of tha f to S MW 
claaa and raqulra 30 kbA. Tha national raquiramant would ba about 4 Mb/a, and If amall, 
3-m ground-atathn antannaa wara amployad, thIa would uaa up 1 tranapondar on a 
praaant-day Cband aatalllta. 


Diap«rs«<i acoragc and ganaracion (DSC) tyataaa will bacom nora 
pravalant with tha paaaaga of tiaa. Thaaa davicaa aay ba wholly ownad by 
utilitlaai co-ownad by privata partiaa» or coaplataly undar privata 
ownarahip. A privataly ownad ayataa will noraally ba daaignad to acrva ona or 
aora naighboring anargy uaara. Whan tha enargy ganeratad by a DSC unit 
excaads the raquiraaanta of ita intandad uaara » tha axcaaa anargy mmy ba aold 
to a utility coapany. Tha Public Utility Ragulatory Policy Act of 1978 
(PURPA) aandatea the purchaae by utilitiea of axcaaa energy produced by aaall 
facilitiaa (i.a.» thoaa undar 30 MW), at ratea equal to what it would coat tha 
purchaaing utility to generate tha energy itaelf. Convaraely, whan the output 
of a DSC unit faila to awet uaer raquireaenta , additional energy may be 
obtained from atandard utility-company aourcea. 

Utility-owned DSGa, on the other hand, repreaent a aource or a aink of 
energy that muat be controlled through the utility'a ECC. Depending on the 
aiae of the DSC and the atructure of the control network, the DSC may be con- 
sidered either (1) part of tha total energy reaource available to the ayatem, 
or (2) an integral part of the load preaented to one of the diatribution aub- 
atationa. In either caae, the activitiea of the DSC muat be remotely con- 
trolled and monitored, to an extent determined by the magnitude of its role in 
the generation and diatribution proceaaea. 

It haa been eatimated that, by the year 2000, between UX and lOX of 
electric-power generation in the United Statea will be aupplied by DSGa. With 
an average unit aize in the range of 1 to 5 MW, there will be 10,000 or more 
units that require remote control (see Reference 3). Theae DSGa may assume 
various physical forma: solar thermal electric, photovoltaic, wind, fuel 

cell, storage battery, hydro, or cogeneration (i.e., combined heat and 
electrical output). A concise description of several renewable forms of 
energy sources given in Appendix A. Despite the physical dissimilarities, the 
monitor and control requirements tend to exhibit a commonality that, for the 
most part, permits the physical distinctions to be ignored in arriving at the 
communications requirements. 

Although bulk sources of electrical power are generally controlled and 
coordinated directly by the ECC, DSGa will generally be tied into the power 
system at the distribution level because of their relatively small size. The 
DSGs may be physically located at the substation, feeder, or customer site. 
Except for the largest DSGs, the highest level in. the control hierarchy that 
will recognize the existence of an individual DSG is the DDC. 
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In the r«Mind«r of chia saction, MG cooHunicacionr and control will ba 
daacrlbad aa anvialonad fo* tha MG population in tha yaar 2000. 


A. COMIAND AND GONTUH. FUNCTIONS 

Ona of tha prir:ipal eoaauind and control functiona ia achaduling and 
taoda control of tha DSGn . Thia function involvaa daily, waakly, and Monthly 
achaduling of MG aarvica tiaaa, aa wall aa appropriate aaintananca activitiaa. 
Moda control rafara to tha choice of on, o7f, or atandby operation at appro- 
priate tiaea. While D8G achaduling ia gaitarally ha raaponaibility of tha 
DDC, tha achadulaa are aatabliahad in raapoaaa to tha ovarall powar-ayataar 
ganaration achaduling parfonaad by tha B(X:. 

A faw of tha largar MGa say ba provided with AGO to Maintain load 
frequency control (LFC), generally via tha area DDC. Thia involvaa adjvatMont 
of tha MG output voltage at intervale ranging froM 2 to 10 a. In Moat caaea, 
however, D8G output voltagaa are alMply reported to either tha DDC or the 
local DAC for incluaion in tha general AGC procaaa conducted by the BCC. 

EconoMic diapatch control (BDC) incorporatea the DSC into a coMprehen- 
aive plan for ordering tha uaa of available energy aourcea (Including energy 
purchaaed froM other utilitiaa) to miniMiee the coat of Meeting apecific load 
requircMonta. dconoMic diapatch control, with reapect to MGa, involvaa a 
periodic determination (e.g., at 5-min intervale) of tha power available froM 
thoae units (e.g., aolar, wind) which depend on environmental conditiona for 
their input power. 

Diatribution volt/VAR control repreaenta another control function 
aaaigned to the DDC (or to the DAC). By thia meaaa, the voltage and the VAR 
flow throughout the diatribution network are controlled to maintain voltagea 
within an acceptable range and reduce power loaaea through the ayatem. 

Normally, deaired voltage ratioa are nuintained through load-tap-changing 
tranaformera , while VAR control ia exerciaed by awitching capacitora in and 
out of the ayatem. However, incluaion of certain typea of DSG unita providea 
another meana of controlling voltage or VARi For example, if the MG ia a 
aynchronoua machine, ita reactive capability can be uaed to affect diatri- 
bution-syatem voltagea and to aupply or abaorb VARa. 

Load control ia normally interpreted aa referring to the diaconnection 
of certain cuatomer devicea to reduce the collective load on the ayatem to a 
level conaiatent with the capability of the bulk-power aourcea. If the DSGa 
are regarded aa an integral part of the diatribution ayatem, an increaae in 
DSG output can be uaed aa an alternative meana of reducing the net load on 
feeder aectiona or the diatribution aubatation. 

A related aapect of load control ia the reatoration of power following 
the occurrence of a fault within the diatribution ayatem. Once the fault has 
been iaolated, service can be reatored, even to feeder aectiona that have be- 
come isolated from the diatribution substations, provided one or more DSGa, 
capable of sufficiently stable stand-alone operation, are connected to the 
isolated section. 
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B. DSC COHMUNICATIONS TOPOLOGY 

To coordlnat* activltioa of DSGi vlth thoa* of largar powar aourcaa, tha 
ECC ragarda all DSGa dlraccly controllad or coordinatad by a spaclfic DDC aa a 
alngla coapoalta powar aourca. Tha DDC Is raaponslbla for translating ECC 
cowaands partalning to Its coapoalta DSG Into a conslatant sat of coaaands to 
ba coaaunlcatad to individual DSGa undar its control. Convarsoly. DDC aust 
coablna data collactad froa tha various DSGa to produca a alngla sat of data, 
for transalsslon to tha ECC, which rapraaanta tha activity of tha coapoaifa 
DSC. 


A systaa In which all DSGa ara dlractly controllad by and raport data 
directly to the DDC haa been referred to a cantrallead aonltor and control 
■yataa (aee Raference 3). In this case, DSG actlvltlas are handled aaparataly 
froa other distribution functions. Dacantrallsad aonltor and control of DSCs 
can be effected by coablnlng DSC-ralatsd functions with other DAC functions at 
the substation level. In this type of systaa, tha vnrlous DAC canters act as 
concentration points between tha DDC and tha DSGa u'Mar Its control. Tha role 
of tha DAC with respect to the DSGa has not been sufficiently defined at this 
point to determine the extent to which decisions affecting DSG operation are 
made at the DAC level, rather than at tha DDC. 

One would normally expect a system which Includes a large number of DSGs 
of various sizes to exhibit a hybrid control structure, with sooe DSGs report- 
ing directly to the regional DDC and others reaalnlng under tha control of tha 
subordlr.ate DACs. In general, the smaller the size of tha DSGs, the greater 
the tendency toward decentralized control and the smaller Is the need for re- 
ported data. In fact, for very small DSGs (l.e., 1.0 Ifii) , there may be only 

(automatic) local control, based entirely on local conditions. For a DSG of 
given size, the tendency toward decentralized control world logically Increase 
as the total number of DSGs Increases, since It Is undesirable to place an 
undue burden on the DDC from either a communication or a computational stand- 
point . 


Apart from the general tendencies cited above, there are several advan- 
tages In using decentralized control. (1) It permits more rapid response to 
fault conditions; l.e.. If the distribution function for the area served Is 
otherwise under the control of a DAC, decentralization eliminates the need for 
communication with the DDC when dealing with a fault. (2) As addition- 
al DSGs are brought on stream, the capacity of the DDC to process and/or 
communicate the requited data could be exceeded. It Is generally simpler and 
less expensive to provide the needed capability In the DAC than It Is to 
upgrade the DDC. (3) the trend toward distributed processing In networks 
seems to be an all-pervasive one, resulting from the rapid decline In the cost 
of computation relative to that of communications. 

It should be recognized that the degree of centralization Is also a func- 
tion of time. Presently, when there are few DSGs and the control network has 
only limited capability at the lower levels, greater control Is exercised at 
higher levels than would otherwise be the case. For example, certain DSGs, 
presently under direct control by the EuC, will later fall under the super- 
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vision of one of the DDCs. The enphesis in this report is on this leter 
period. Specifically • it assuaes the existence of a fully developed control 
network in which the DSG rcquiresients are integrated with the other DAC 
functiona. 

From the foregoing discussioni it is clear that the conaunications links 
required to service the DSGs will be primarily of thf; 0AC-to~DSG type, with a 
smaller number connecting DSGs to DDCs. Additionally, there will be a certain 
asK>unt of DSG-related traffic on DAC-to-DDC links. However, this tr/iffic will 
be condensed relative to that on a direct DSG link, to a degree determined by 
the extent of DSG control exercised at the DAC level. For ease of discussion, 
it will be assumed that all DSG links are oi the DAC-to>DSG type. 


C. TRANSMISSION PROTOCOLS 

Communication over DAC-to-DSG links will be conducted in a poll/response 
format, in the same manner as other monitor and control communicationB. In 
addition to a request for information relating to status changes, alarm condi- 
tions, and different variable values, messages directed at DSGs will contain 
jny necessary control information. There are certain basic control functions 
common to most DSGs, which were described in Section IV-A. The amount of data 
required to perform these functions depends on the degree of control to be 
exercised, and thus on the size of the DSG. 

The communications capacity that must be reserved for monitor and 
control of an individual DSG unit depends on the means of communication as 
well as on the amount of data to be communicated. For satellite transmission, 
monitor and control of a number of DSGs can be accomplished quite simply, from 
a conceptual viewpoint, by the use of TDMA techniques. A general discussion 
of TDMA transmission as it might apply to utility-company communications can 
! . found in Section VII. The present discussion is intend&d only to assess 
DSG traffic requirements. Specifically, other distribution-system messages 
that might be interleaved with the DSG traffic are ignored. 

In the DAC-to-DSG direction, each DAC sharing a given channel (i.s., 
frequency) is assigned a time slot within the TDMA frame (Figure 4-1). Within 
each slot, messages are addressed, in sequence, to the various DSGs under 
control of the DAC. These messages are part of a single transmitted burst by 
the DAC; consequently, carrier and bit synchronization need be performed only 
once per TMIA frame for each DAC. 

The DSGs polled by DACs transmitting on a given channel respond, over a 
reverse channel, in the same sequence in which they are polled. Guard bands 
must be provided between DSG transmissions to ensure that different DSG bursts 
arrive at the satellite in a uonoverlapping manner. The same is true of DAC 
burGts in the polling direction. In addition, carrier and bit synchronization 
must be performed separately on each DSG burst. 

As will be discussed in this report, poll and response messages can be 
of various lengths. If a poll is longer than the response to the preceding 
poll, ?t may be transmitted without delay. However, if a poll is shorter than 
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DAC 1 
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GROUP -2 DSG 
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RESPONSE 
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•PROPAGATION AND TURNAROUND TIMES ARE NOT SHOWN 


Figure 4-1. Ttme-Dlvlslon Multiple-Access Fraae Format 
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DSG N-1 









the preceding responee, Che pell nuet be delayed so Chat its own reaponae doaa 
not overlap Che preceding reaponae. Thia aiCuaCion accounCa for Che 
croa a -hatched gapa between polla by Che aue DAC in Che illuaCraCive Beaaage 
aequence of Figure 4-1. The DAC trananica a predetenained pattern during 
cheae gapa, ao that burat continuity ia maintained. 

Although there are many monitor and control functiona that need to be 
performed for DSC operation, the traffic requiremanta occaaioned by theae func 
ciona are dominated by LFC and SCADA meaaagea. For OSGa in the (l-5)-MW range 
an LFC cycle aa amall ea 2 aeconda auiy be required. The SCADA function, in 
which data are aaaumed to be reported by exception,* ia reapoaaible for 
detecting any abnormal conditiona. Depending on the aiae of Che DSC, an 
update interval of 2 to 10 a laay be required. (Note that the round-trip 
aatelHte propagation time of approximately a half-aecond ia barely compatible 
with a 2-4 update interval for either function.) 

Th^ data requirementa aaaociated with an individual DSC depend on Che 
amount rf overhead incorporated in each laeaaage. Aa a guide, the meaaage for- 
mat recotwiended in the previoualy cited IEEE working paper (aee Reference 4) 
will be adopted. Although Che format ia intended for uae with any aui table 
tranamiaaion medium, the recommended half-duplex operation ia inconvenient, if 
not inappropriate, for aaCelliCe tranamiaaion (aee Section VII-D). Aa acated 
earlier, aeparate channela (i.e., full-duplex operation) will be employed for 
Che poll and reaponae meaaagea. 

The apecific meaaage combinaciona aaaumed for the LFC and SCADA "trana- 
actiona" (aee Reference 3) are ahown in Figure 4-2. The aame general meaaage 
format ia uaed for other monitor and control functiona, except Chat Che infor- 
mation field in reaponae meaaagea may vary from 3 to 27 bytea. The two mea- 
aagea tranamicted by Che DAC aa part of the LFC tranaaction conatituCe a aingl 
poll meaaage in Che language of Figure 4-1. The firaC ia of a control nature 
and either raiaea or lowera the DSC voltage. The aecond ia a requeat for data 
which are proceaaed in time to determine Che contenta of the next control 
meaaage . 

The mesaage-eatabl iahmenc field of the IEEE-recommended meaaage format 
ia further divided in Figure 4-3. The preamble ia uaed for carrier and bit 
aynchroniaation. (The 8-bit eync aubfield providea meaaage, aa diatinct from 
bit, aynchroniaaCion. ) It 'a required, therefore, only once per DAC burat, 
rather Chan for each DAC-'co DSC meaaage. Similarly, only one aync aubfield ia 
required per DAC ’!>urat. Zach DSC reaponae, on Che other hand, muaC include 
both a preamble and a aync word. 


*Thia aaaumpcion ia inconaiaCent with Che manner in which the bulk-power- 
ayatem traffic waa aaaumed to be reported in Section III. Uaing an alter- 
native aet of aaaumptiona, Barnett (aee Reference 1) found the combined poll/ 
reaponae traffic per DSC to be 70X greater than that computed in Section IV-D 
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PREAMBLE 


SYNC 
8 bih 


ADDRESS 


8 bits 


NOTES: 

PREAMBLE PROVIDES FOR CARRIER RECOVERY AND BIT SYNCHRONIZATION 

SYNC IS AN 8-BIT PAHERN THAT IS USED TO IDENTIFY THE POSITIONS 
OF ALL SUBSEQUENT MESSAGE ELEMENTS 

ADDRESS IDENTIFIES THE CONTROLLED STATION FOR TRANSMISSION IN 
EITHER DIRECTION 


Figure 4-3. Message Establishment Field 


The address subfield is intended to identify the remote station (in this 
instance, the DSG) for either direction of transmission. No provision was made 
for DAC identification, because the communications process was presumed to be 
of the point-to-multipoint type. However, since a number of DACs generally 
share the same channel, each DAC must identify itself once per transmitted 
burst, immediately following the sync word. This requirement could, in prin- 
ciple, be avoided by providing each DSG polled on a given channel with a unique 
address. However, this would require a degree of coordination among DACs, pos- 
sibly including those belonging to different utilities, which is undesirable. 
Because of the small number of bits involved, this addressing requirement will 
^e ignored . 

The preamble in the polling direction is assumed to consist of 130 bits.^ 
Because the sync subfield is 8 bits long, the first poll in each burst exceeds 
the remaining poll messages in length by 138 bits. The carrier frequency and 
bit timing of each response message are derived from the corresponding poll 
message. Because there will be very little uncertainty in either of these 
quantities, the response preamble can be made quite short. This preamble will 
arbitrarily be taken as 16 bits. The resulting poll and response message 
lengths, for both LFC and SCADA transactions, are shown in Table 4-1. The 
first number indicated in the poll column refers to a message that does not re- 
quire a preamble or a sync word; the number in parentheses gives the message 
length with the preamble and sync sub fields included. 


^The number of bits required for carrier recovery and bit synchronization 
depends on the method chosen to implement these functions. Carrier recovery 
is normally measured in units of time, and then converted to an equivalent 
number of bit periods as a matter of convenience. 
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Tabic 4-1. Required Message Lengths (bits) for Singls Transaction 


Transaction Type 

Poll 

Response 

Lcyad frequency 

132 (270) 

90 

control 



Supervisory control and 

66 (204) 

90 

data acquisition 




D. SINGLE -DSC DATA RATE 

With a 2-8 update interval for both the LFC and SCADA functions, each 
function ia performed once per frame for each D8G. The pair of polls for the 
first DSG addressed by each DAG requires a total of 474 bits, while subsequent 
poll pairs consist of only 198 bits. All response pairs comprise 180 bits. If 
the poll and response channels are designed for equal transmission rates, the 
bandwidth requirement is set by the magnitude of the poll traffic. 

The average poll traffic per DSG depends on the average number of DSGs 
per DAC. There are about 3,300 electric meters per distribution substation, 
on the average (according to Table 5-1). Because there are approximately 100 
million ffl''jters nationwide, the total number of distribution substations is 
about 30,000. On the other hand, it was previously estimated that there are 
10,000 DSGs requiring rapid-update remote control. Thus, there is an average 
of one-third DSG per distribution substation, or per DAC. 

If each DSG were controlled by a separate DAC, there would be only one 
pair of poll messages per DAC transmission burst. It will be assumed that only 
one-ninth of the DACs are involved in DSG control, so that, within this group, 
there is an average of 3 DSGs per DAC. The average poll traffic per DSG in 
each TDMA frame, therefore, is 290 bits. For a 2-s frame, the average 
data rate per DSG is 145 b/s. 


E. SINGLE-UTILITY DATA RATE 

The total bandwidth requirement for a large utility will now be 
estimated. There are 3,100 utilities nationwide (see Reference 6). It 
arbitrarily will be assumed that a large utility controls IX of the DSGs in 
use, or about 30 times the average number per utility. Of the 10,000 DSGs in 
the (1 to 5)-MW range projected for the year 2000, about 100, producing a com- 
bined polling data rate of 14.5 kb/s, will be controlled by a large utility. 

It is presumed that the DSGs in the "large" category (i.e., 5 MW) will not 

add significantly to this total, because of their relatively small number. 
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There will likely be a conaiderably larger number of DSGa below 1 MW 
under the control of typical large utility. The compoaite bit rate generated 
by these DSGa dependa on the relationship between the required scan rate and 
the number of DSGs of given size. It will be assumed that the product of scan 
rate and number of DSGs decreases rapidly enough with decreaaing DSG size to 
prevent the small DSGs from becoming a dominant factor in the overall band- 
width requirement. More specifically, it will be asaumed that the combined 
scan rate of DSGs under 1 MW is 0.4 times that of DSGs exceeding 1 MW. This 
leads to a total polling data rate of 20 kb/a for the DSGs under the control 
of a large utility. 

Although there may be some question about the combined data rate of 
small DSGs, incorporation of a DSG into a satellite-based TDMA system can be 
considered only if it makes good economic sense. With an estimated cost of 
$1000/kW, a DSG with a capacity of 1 MW or more requires a capital investment 
in excess of $1 million. The cost of an earth station designed to service a 
DSG is estimated at $32,000 (see Section VIII-E), or a maximum of 3.2% of that 
of the DSG. Thus, the cost of satellite communications is not unreasonable 
for sufficiently large DSGs. 

For DSGs of capacity much less than 1 MW, on the other hand, the econ- 
omics of satellite communications for an individual DSG is at least question- 
able. However, several smaller DSGs in close proximity could share a satellite 
terminal, thereby considerably reducing the cost of comnninications . In addi- 
tion, the communication overhead could be reduced to the point where the band- 
width requirement of such a group of DSGs would be only slightly greater than 
that of a single DSG in the medium or large category. It is not unreasonable, 
therefore, that the total bandwidth requirement for DSGs communicating via 
satellite not be much larger than that required for those DSGs with a capa- 
city exceeding 1 MW. 

There is a basic relationship among the channel data rate, the frame 
period, and the number of DSGs addressed on a given channel. This relation- 
ship is exhibited in Figure 4-4 under the condition that all DSGs are polled 
at the same rate. Thus, a 100-DSG utility would require a IS-kb/s polling 
channel for a frame period of 2 s. A channel of equal bandwidth would be 
required in the response direction. 

The number of DACs accessing each channel would typically be given by 
the number of DSGs per channel divided by the average number of DSGs per DAC. 
With the previous assumption of three DSGs per DAC, the number of DACs per 
channel is one-third the number of DSGs. 


F. SYSTEM TRAFFIC ESTIMATE 

The combined transmission rate for the 10,000 DSGs in the (1 to 5)-MW 
range is 1.45 Mb/s, since each one contributes an average of 145 b/s. With 
the under-l-MW DSGs assumed to contribute in the same proportion as before, 
the total transmission rate for all DSGs becomes 2.0 Mb/s. This is the 
required capacity in both polling and response directions, so the total system 
capacity requirement is 4.0 Mb/s. 
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Figure 4-4. Channel Capacity Requirements 
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Th« •yttra capacity raquiraaiant , whan atatad aa a data ratai is tanta- 
■ount to a bandwidth raquiraaant. Howavar, DSC tranaaiaaions would ba aavaraly 
powar-liaiitad with currant aatallitaa. Tha ■axiauai panaiaaibla antenna aiaa 
for an aarth atation co-locatad with a D6G ia aaauaad to ba 3 a. Link 
calculationa baaad on thia antanna aiaa (aaa Section VIII) lead to tha conclu- 
aion that, for praaant**day C-band aatallitaa, tha tra'<aponder capacity ia about 
5 Mb/a. Tha coaputad DSC traffic, tharafora, would require the raaourcaa of 
nearly a full tranaponder. 

To devote the reaourcea of an entire tranaponder to DSC tranaaiaaion ia 
not unreaaonable. The annual coat of leaaing a backed-up C-band tranaponder 
ia about $2 ail lion. If the tranaponder ia ahared by 10,000 DSGa, the annual 

coat per DSG ia 9200. Thia ia leaa than IX of the eatiaated capital require- 

aent for earth-atation equipoant. It alao repreaenta juat 0.02X of the coat 
of a DSG in the 1-MH range. 

In one aenae, the ayatea capacity requireaent of 4.0 Nb/a ia conaerva- 
Cive, becauae a SCAOA and/or LFC acanning interval aeveral tiaea the aaauaed 
value of 2 a aay auffice for aoat DSGa. On the other hand, the aaount of 

electric power that will be supplied in the future by DSGa aay have been 

undereat imated in the paat. In a "aignif icint change in direction for public 
utilitiea and U.8. energy production," Southern California Bdiaon Coapany 
recently announced that 30X of ita additional generation needa by 1990 will be 
met by renewable and alternate aourcea, including wind, geothermal and solar 
power, fuel cells, hydro-electricity, and cogeneration (References 12 and 
13). Juat last year, the company stated that only 15X of ita new auppliea 
through the year 2000 would come from unconventional aourcea. 

Thia radical change of plana ia largely the result of a reduced rate of 
increase in the demand for electric power in the United States, coupled with 
the high cost of financing and long lead times associated with the production 
of electric power from nuclear sources or cool. These factors have combined 
to make the construction of a nuclear power plant, typically requiring 10 years, 
an extremely risky proposition, not to mention the currently hostile regulatory 
climate. By contrast, renewable energy sources require a much shorter period 
for development and can be brought on stream in much smaller increments, 
thereby greatly reducing the financial risk. 

Although many of Che renewable energy sources constructed in the future 
will be integrated into Che bulk-power system, the increased emphasis on this 
form of generation should lead Co a proliferation of renewable sources tied 
into Che distribution system (i.e., DSGa). The technological advances result- 
ing from this increased emphasis should enhance the economic feasibility of 
relatively small and dispersed energy sources. 
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SECTION V 


DISTRIBUTION-SYSTEM TRAFFIC REQUIRENENTS 


Th» functiont tuodsttd with ioad and diatribution-ayatam oparationai managanwnt 
ara diacuaaad. Thraa indapandant aatimataa of conmunkatiorta traffic ara axaminad; at 
thia tima thara ia iittli raai communication carried baiow tha diatribution aubatation 
iavai. A Boaing Corporation atudy, which conaidarad oniy commanding and ramota matar 
reading, projected 40 kb/a for tha nation. A Mitre Corporation atudy aaamad to project a 
400 kbh raquiramant where soma monitoring ia inciudad, end a JPL atudy projected 
4 Mb/a baaed on a more detailed monitor and control anaiyda and rather frequent (30a) 
scanning. This latter aatimata has bean used aa a measure of tha possible future 
distribution ayatam traffic. 


The functions that fall under DAC can basically be considered as part of 
either load management or opevational management. Load management deals with 
the control of loads at customer sites, either to decrease the generating 
capacit'y required of a utility or to rapidly reduce the total load under an 
approaching overload condition. Operational management is a broad term refer- 
ring to internal utility-company functions designed to maintain an optimal 
configuration, with respect to efficiency and performance, of power-system 
elements. Although the term could encompass the generation and transmission 
functions as well, attention here is restricted to the distribution system. 


A. LOAD-MANAGEMENT FUNCTIONS 

One means employed to reduce peak loads, and thereby required generating 
capacity, is discretionary load switching, i.e., provision of an economic in- 
centive to a utility's customers to permit the utility to switch certain loads 
off during periods of peak loading. The devices affected by this policy may 
be residential appliances such as air conditioners and electric water heaters, 
or they may be industrial loads supplied under interruptible service contracts. 
Such devices generally fall into either of two categories: units which provide 

substantial thermal storage capacity or units whose immediate use is deemed 
nonessential . 

Reduction of peak load may also be effected indirectly by peak-load 
metering, i.e., the remote switching of meter registers to increase rates 
during periods of peak electrical usage. In this approach, control remains 
with the consumer, rather than with the utility, as in the case of discre- 
tionary load switching. This feature may make the procedure more palatable to 
the customer; however, it is also likely to make it less effective, since many 
customers will choose not to act in the desired manner (e.g., during periods 
of extremely high temperatures, they may decide to pay viitually any price for 
continued use of air conditioners). 

A closely related technique is time-of-day metering, in tdtich oieter rates 
are varied in a preprogramed manner based on predictions of load conditions. 
Meter rates, in this case, would be controlled by a local clock. Although 
there is less flexibility in this procedure, it does eliminate the need to 
communicate meter-rate information to the customer site. Since the customer 
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it «war« of the rate achcdula in advanc«t he can aaka hia plana accordingly. 
With peak-load metering » a change in ratca muat aomahow be brought to the 
cuatomer'a attention for maximua ef fectivenaaa. 

It ahould be noted that ramote meter reading, aa contraatad with control 
of meter regiatera (either locally or remotely), ia not conaidered to be a part 
of load maaigament. Rather, it may be treated aa a third oatagory under the 
general DAC heading. 

The rapid reduction of load to avert an ovarload condition ia referred 
to aa load "ahedding." Of tha two meana employed to accompliah thia ahedding, 
voltage control ia the more frequently uaed. However, voltage control ia alao 
of limited effectiveneaa , aa it ia neceaaary to maintain all cuatomer aer- 
vice entrancea at acceptable voltage levela. Application of voltage control 
for thia purpoae reaulta in a "brownout" condition. 

The action more generally aaaociated with the term "load ahedding" ia the 
dropping of large blocka of load by the utility. Rather than being aelective 
aa to the appliancea affected, the utility will generally cut off all power to 
a aelected aet of cnatomera. When different aeta of cuatomera are aequentially 
affected, typically for aeveral houra, a "rolling blackout" reaulta. 


B. OPERATIONAL -MANAGEMENT FUNCTIONS 

There are many functiona of operational auinagement. Although there ia 
no univeraally accepted aet of terma, aeveral of the principal functiona are 
deacribed in the following paragrapha. 

Voltage Control. Although alao mentioned in connection with load 
management, voltage control refera here to the broad function of maintaining 
voltages throughout the distribution system at required levels. The principal 
means of accomplishing this is through the use of tap-change-under-load 
transformers. As the load on various feeders changes, the tao positions on 
distribution-station and secondary-distribution transformers are modified to 
maintain the voltage at prescribed points on the feeder lines within specified 
tolerances . 

Volt -Amperes -Reactive Control . To minimice transmission losses, it is 
necessary to eliminate reactive power flow throughout the distribution net- 
work. This is done, on a dynamic basis, by switching capacitors in or out of 
the system at judiciously aelected points. VAR control is also important in 
maintaining the frequency at its nominal 60-Hr value throughout the system. 

Load Reconfiguration . This function involves remote control of switches 
and breakers to permit re<:onf iguration of circuits for load diversity, main- 
tenance, or new construction. 

Feeder-Load Management . This function involves the monitoring of feeder 
loads and the capability to equalize loads over several feeders from one sub- 
station. 

Transformer-Load Management . Thia function requires monitoring 
distribution-transformer loading and core temperature to prevent overloads and 
burnouts . 
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fault Dtfction and laolation . Sanaora loeatad throughout tha 
diatributlon natwork can ba uaad to dataet abnormal eonditlona. Thia 
information ia uaad to automatically loeata faulta* iaolata tha faultad 
aagaiant I and initiate circuit reconfiguration. 


C. MITRE TRAFFIC ESTIMATE 

Three different aourcea have bean uaad to eatimata tha data raquiramanta 
to accompliah the DAC functiona deacribad pravioualy. Tl.a firat two are a 
MITRE report written in 1976 (aea Reference S) and a recent Boaing atudy per- 
formed under JPL management (aee Reference 6). The third eatimatei compiled 
at JPL, ia baaed on an enumeration of monitor and control pointa in the dia- 
tribution ayatem. 

The MITRE reaulta are baaed on the requiramenta of a typical metropolitan 
utility with 200 primary diatribution faadarat each aarving 5,000 matara, ao 
that there are 1 million metera in all. Bit ratea are developed for each dia- 
tribution-ayatem function by combining the number of unite to be controlled or 
monitored, an aaauaed acan rote, and a meaaage length whict. ia equal to the 
number of addreaa bita plua the m»ber of data bita. Thua, the atated bit 
ratea do not account for any overhead other than addreaaing. 

The MITRE reaulta (aee Reference 5, Appendix C) will not be quoted here 
in any detail, becauae the functiona examined repregent a "wish*' list, rather 
than a aet of requirements. In addition, several control-type message fre- 
quencies seem to be unreasonably low, while the monitor-type message volume ia 
unrealistically high. As an example of the latter, "on-line" monitoring of 
line parameters is suggested at intervals of 17 ms (i.e., once per power-line 
cycle) to permit real-time control of circuit elements from a central control 
point . 


After detailing the various monitor and control functiona that might be 
performed and their aaaociated transmission ratea, the MITRE report simply 
states that a "200 bit-per-second bidirectional capability will afford sub- 
stantial inherent message redundancy along with growth capability" for the 
utility under consideration. With a typical message length (i.e., data plua 
address bits) of 10 bits, there are 20 mesaagea/s in each direction with 
respect to a central control point. 

Further discuasion of required transmission rates will be restricted to 
the case of satellite transmission. A TDMA system similar to that described 
for DSC communications will be assumed for the other DAC functiona. As with 
the DSC response to a poll message, it ia assumed that carrier frequency and 
bit timing for each RTU response are derived from the corresponding poll trans- 
mission. Thia leads to a response meaaage length, including preamble, of about 
100 bits. The effective transmission rate in the response direction, there- 
fore, is 2 kb/s. 

A longer premnble is required for the first poll message in each DAC 
burst. However, because each DAC addresses a number of distribution-system 
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points, th« avorago nuabar of praaabla bits par aassaga in tha poll diraction 
should ba no largar than that in tha raaponsa diraction. It is raaaonabla, 
tharafora, to traat tha total distribution-aystaa traffic raquiraaant as baing 
twica tha rasponsa data rata, or A kb/a. 

By assuaption, tha utility giving risa to tha 4-kb/s transaission rata 
sarvas 1 aillion aatars. Thara ara approxiaataly 100 aillion aatars nation- 
uida, so that, uith lOOX participation, tha capacity raquiraaant would ba 
400 kb/s. 

Although tha 200>b/s transaission raquiraaant for a larga aatropolitan 
utility, as statad in tha MITSE raport, is not brokan down by function, sovaral 
coaaants aada with this astiaata ara worth rapaating. First, it is claiaad 
that, wars tha aatar-raading function univarsally accoaplishad by alactronic 
aaans, tha avaraga aatar-raaJing date rata would ba coaaMnsurata with tha paak 
rate ganaratad by tha coabination of oparational-aanagaaant and load-aanagaaent 
functions. Under these conditions, tha transaission raquiraaants could be 
thought of as deriving either froa tha aatar-raading function alone or froa 
tha coabination of all non-aater-raading functions. 

This claia contradicts the findings in the Boeing report. According to 
Boeing, the peak hourly aassage traffic froa operational- and load-aanageaant 
functions is about four tiaes tha average aessage traffic froa all sources, and 
about seven tioies that froa aatar reading alone. It follows that, because aeter 
reeding is non-tiae-critical and car. ba defarrad to relatively inactive periods 
froa the standpoint of operational or load aanageaant, it may be ignored in 
computing the peak traffic requirements. Since the NITRE report is not in 
disagreement with a computation made in this manner, it will be taken as fact 
that the peak traffic derives froa the loabination of operational and load- 
aanageaent functions. 

The MITRE report further stites that the load-management traffic "is al- 
most negligible by comparison with" that generated by operational management. 

The Boeing reP' z is in substantial agreement, with peak oiessage r< tes in the 
ratio of 3.5 to 1. 


D. BOEING TRAFFIC ESTIMATE 

Before stating the Boeing traffic results, the method used in the study 
will be described. First, a profile of the utility industry was projected to 
the year 1995. The number of utilities nationwide was estimated at 3100, with 
a total of 110 million electric meters. A state-by-staLe breakdown of these 
two quantities was also derived. Growth curves were developed for the percentage 
of residences participating in load management and remote meter reading. Under 
the assumption of "maximum motivation," these figures are 60% and 30Z, respec- 
tively, in 1995. Similarly, maximum motivation pertaining to utility-company 
participation in distribution automation was estimated at 40Z in 1995. 

Load management, for computing traffic rates, was interpreted to mean 
discretionary load switching. The peak-message computation was based on the 
predicted number of devices of each type, the number of devices grouped together 
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for •ddrcsging purpo«o« (choton to b« 512), and tha rata at which cowaanda ara 
laauad (a.g.y tha nuabar of tiaaa par hour an air^condltionar group ia awitehad 
on or off). 

To dariva tha oparational-«anagaaMnt traffic, atandardiiing aaauaptiona 
wara aada regarding tha nuabar of circuit alaaanta of each type (a.g., aubatation 
t rana f oraara , aactionaliaing awitchaa) on a par-diatribution-aubatation baaia. 
Than, by tha additional aaauaption of 3.3 x 10^ alactric aatara par diatri* 
bution aubatation, tha a tandardi nation waa convartad to a par-aatar baaia. Tha 
raaulting aat of diatribution-ayataa alaaanta ia ahown in Table S>1, whila tha 
aaauaad aaaaage fraquanciaa for control purpoaaa ara given in Table S*2. Be** 
cauaa oparational-aanagaaant traffic doainataa tha peak-hour load, the antriaa 
in thaaa two tablea rapraaant tha key ingradianta in tha traff ic-raquireaanca 
calculation. 

Both tha aonthly traffic and tha peak hourly traffic for tha aajor DAC 
functiona ara ahown in Table 5-3 for tha Waatarn region of tha United Stataa. 

It ia aaan that oparational-aanagaaant aaaaagaa rapraaant 74X of tha peak-hour 
traffic and, within that category, roughly BOX of tha Baaeagaa ara accounted 
for by feeder manageaent . If tha peak tranaaiaaion rate (in b/a) corraaponda 
to tha peak hourly aaaaage rate and tha average aaaaage length ia 100 bita, 
the required capacity for the Ueatern region ia 2.5 kb/a. Thia ia interpreted 
aa a combined capability for the poll and reaponae directiona, although 
Boeing* a aaauaed tranaaction foroiata are not directly comparable with the 
previously assumed formats for DSC cogamiitications . 

Based on the Western-region capacity of 2.5 kb/s, the required capacity 
for all of Continental United States (CONUS) is approximately 15 kb/s. The 
previous estimate of 400 kb/s, based on the MITRE report, assumed lOOX maximum 
motivation. Conversion of the traffic estimate based on Boeing data to a lOOX- 
maximum-motivation equivalent results in a data rate of approximately 40 kb/e. 
Thia order-of-magnitude disparity between the two estimates may be attributed 
to the fact that the Boeing estimate seems to be based primarily on control- 
message traffic rather than the associated monitoring requirements. This sup- 
position is supported by the ?ow message frequencies in Table 5-2. 

To obtain a better estimate of the DAC traffic requirements, a compar- 
able analysis is required of the monitoring data needed to perform the opera- 
tional functions listed in Table 5-3. Such an estimate is presented in the 
next section. 


E. JPL TRAFFIC ESTIMATE 

This traffic estimate was compiled by R.M. Barnett of JPL'a Telecommuni- 
cations Systems Section (see Reference 1), as was the bulk-power-system traffic 
estimate ^resented in Section III-D. Because of the radial network structure 
of the di ribution system, the traffic estimate is logically organized accord- 
ing to the requirements associated with an individual distribution substation. 
The number of elements that require monitoring in the assumed model is given 
in Table 5-4. 
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Table 5 - 1 . Diatribution-Syatem Element Population 


Element 

Per Distribution 
Substation 

Per 

Electric 

Meter 

Diatribution aubatationa 

1 

3 

X 10"^ 

Distributicn-subatation 

transformera 

A 

12 

X 10"^ 

Voltage regulators 

6 

1.7 

X 10'^ 

Sectionalizing switches 

10 

3 

X 10"3 

Capacitors 

10 

3 

1 

o 

X 


Table 3-2. Operational-Management Event Frequency 


Function 

Frequency of Occurrence 

Load reconfiguration 

6% of feeders/day during 
worst-case month 

Voltage regulation 

Twice daily during worst- 
case month 

Transformer management 

Every 13 min during peak 
load, otherwise once per 
day 

Feeder management 

10 samples per hour 
during peak load, other- 
wise once per day 

Capacitor control 

Twice daily during worst- 
case month 

Fault detection, location, 
and isolation 

1% of feeders/month 

Load studies 

lOX of substations/year 
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Table 5-3 


Load management 

Air conditioners 
Water heaters 
Miscellaneous 

Real-time operational management 
Load reconfiguration 
Transformer managesent 
Feeder management 
\'oltage regulation 
Capacitor control 
Fault detection, isolation 
Remote meter reading 
Total consumption 
Maximum demand 
Tlme-of-day 


Total 


Ions Traffic, Western Region: 1995 


Monthly Traffic Peak Traffic 

(messages/month) (measages/hour) 


4.2 X 1Q6 

2.3 X 10^ 
1.5 X 1Q6 
0.4 X 10^ 

2.8 X 106 

0.2 X 106 

1.1 X 10^^ 
0.6 X 106 
0.8 X 106 

0.3 X 10^ 

0.1 X 10^ 

9.8 X 106 

3.7 X 106 
0.4 X 106 

5.7 X 106 


19.2 X 103 

9.4 X 103 
8.2 X 103 
1.6 X 103 

66.0 X 103 

3.4 X 1C3 

14.0 X 103 

40.0 X 103 

8.0 X 103 

4.5 X 103 
0.6 X 103 

Not applicable 


16.8 X 10^ 


85.2 X 103 


Table 5-4. Diatribueion-Syatea Monitoring Points 


Element 


Number 

Feeder 

6 

per distribution 
substation 

Remote capacitor bank 

1 

per feeder 

Remote voltage regulator 

1 

per feeder 

Remote operated switch 

4 

per feeder 

Remote MW/MVAR power-flow 
sensor 

1 

per feeder 


The data requirements are dominated by monitor » as opposed to control, 
functions. The assumed poll/response message format is the sane aa that for 
the SCADA transaction associated with DSG eonmunications (described in Figures 
4-2 and 4-3). It is assumed that the carrier frequency and bit timing of the 
response message are derived from the corresponding poll signal; therefore, 
the preamble in the response direction can be made relatively short. In the 
polling direction, there are 42 remote points to be monitored for each distri- 
bution substation. If all 42 remote points are sampled at the same rate, they 
can be addressed in a common poll burst. I'hus, the number of preamble bits per 
message will be quite small in the poll direction as well. For these reasons, 
the preamble bits have been ignored. 

The data rate associated with distribution-system monitoring functions 
depends on the required scan rate. There is little guidance in this matter, 
since regular communications below the substation level for the most part does 
not exist today. To arrive at an overall data rate, a common 30-s scan rate 
was assumed for all distribution-system functions. With this assumption, the 
monitoring functions, on a per-substation basis, require a data rate of 115 
b/s in both poll and response directions. 

A utility providing 1% of the nation's electrical energy typically in- 
cludes about 200 distribution substations. The corresponding combined poll/re- 
sponse traffic requirement is 46 kb/s. Countrywide, the total distribution- 
system traffic would be 4.6 Mb/s. 

In the above traffic compilation, the polling site was not explicitly iden- 
tified. In keeping with the control-system model (see Figure 2-3), however, 
all remote sites located on feeder lines are monitored from DACs. Composite 
data relating to distribution-system activities must be communicated from each 
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DAC to its Miociatod DDC. Th« ••tiaatad data rata for linka of thia typa, on 
a par-aubatation baaia, ia 2.9 b/a in tha polling diraction and 7.5 b/a for 
raaponaa ataaaagaa. If aqual bandvidtha ara aaaiaaad for tha poll and raaponaa 
diractiona, tha eoabinad channal -capacity raquiroBont ia 15 b/a. A typical 
large utility than requiraa a channel capacity of 3 kb/a, %ihi1e nationwide the 
requiresont ia 300 kb/a. 

Batiaatea hava not baen aade of the data ratea aaaociated with either 
load manageaant or reaote aeter reading. It waa pointed out earlier, however, 
that operational-aanageaent functiona doainate the traffic requireaenta aaaoci- 
ated with the diatribution ayatea. 

The nationwide date-rate eatiauite of 4.6 Mb/a for linka controlled by 
DACa ia an order of oMgnitude greater than the diatribution-ayatea traffic 
eatiaatc by HITBE and two ordera of aagnitude greater than the Boeing eatiaate. 
The JPL eatiaate haa been aelected aa a aeaaure of diatribution-ayatea traffic 
for two reaaona. Firatly, no underlying aaauaptiona for the MITBE eatiaate 
are provided, while the Boeing eatiaate conaidera only control aeaaagea; and 
aecondly, the JPL eatiaate waa coapiled in a aanner cona latent with the bulk- 
power-ayatea and DSC 'traffic eatiauitea preaented in Sections III and IV. 

Aa a final point, it ahould be eaphaaiaed that the above data ratea are 
baaed on the rather arbitrary aaauaption of a 30-s acan interval. Should a 
leaa-rapLd acan rate prove adequate, the data rate would be reduced in propor- 
tion. 


5-9 






SECTION VI 


THE BOLE OP S:.TELLITES IN UTILITY CONTROL-SYSTEM COMMUNICATIONS 


Ganen! of tha utaflita rola an axaminad auch at fnquancy aUocationt, 
intarfannca, aarth-station nquinmantt and cotta, and nliabillty contidaratlont. 
Then an than niatad to pnvioutly attabUthad functiont and projactad futun naadt 
to attatt viabta optlont for tataH/ta applicationt, Radundant aarth-ttation cotta 
(about $76K aach) and trantpondar (aaaa (about $10K/yaar/utllltyi maka pnaant- 
day C-band f(nkt an attractiva a(tarnativa for bu/k-powar tyttamt. Smalt, non-radun- 
dant aarth itation coats (about S3BK aach) could maka C-band linka viaibla for naw 
DSG Installations and many distribution substations. Tha axtansion of monitor and 
control automation into the distribution system via presant-day satallitas seams 
Impractical because of aarth-atation problems of she, cost, and frequency coordina- 
tion. Theta applications must probably await tha availability of high G/T satellites 
such as those being considered in NASA 's Land Mobile Satellite Service progrem. 

In addition, a new frequency allocation near 1 GHz seems desirable. 


Evaluation of the role that satellites might ultimately play in 
satisfying utility-company conminications needs is a multifaceted problem. 

Among the many questions that must be answered are the following: 

(1) What frequency bands have been allocated, or might be allocated in 
the future, to the type of communications represented by utility 
company needs? 

(2) What satellites are currently operational or in the planning stage 
that use appropri/'' e frequency bands and permit a method of access 
suitable to utility-company use? 

(3) What operational restrictions must be observed to avoid excessive 
interference either into or from other satellite and/or terres- 
trial microwave systems? 

(4) What are the earth-station characteristics required for operation 
with current or planned satellites? 

(5) Which control-system functions are compatible with these 
characteristics and the implied earth-station costs? 

(6) To what extent are future communication needs now satisfied by 
terrestrial facilities which represent sunk costs to the utilities? 

(7) In which applications (if any) is satellite transmission an 
obviously preferred means of communications? 

(8) How cost-effective is satellite conmunications compared with other 
candidate means of communications? 

(9) In situations where satellite transmission might be chosen as the 
primary means of communications, are there realistic backup 
measures available in case of transponder or satellite 
failure? 

(10) Are there control-system applications in which satellite trans- 
mission is best suited as a backup to another, primary form of 
conmiunicat ions? 
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Question* relsting to satellite system design, such as frequency allo> 
cation, availabla satellitasi and required earth-station characteristic* can 
be answered in a relativaly dafinitive ouinnar. Identification of contrc l-system 
functions for %rhich satallita transmission is a viable swans of comsainications 
can be done in rather general terma by reference to different levels or commu- 
nication links in the control-system hierarchy. 

Comparison of satellite transmiaaion with other swans of coismunications 
is more difficult, especially since no attempt has been swde (here or else- 
vdiere) to specify and cost-out an earth-station design which is specificelly 
tailored to the utility control-system application. The best that can be done 
at this point is to add to representative costs for the radio frequency (RF) 
components an estimated cost for the baseband equipment. However, this proce- 
dure will tend to overstate the ultiswte cost of an earth station designed in 
an integrated fashion and produced in quantities commensurate with the poten- 
tial utility-company market. 

The extent to which various utilities’ future needs are satisfied by 
facilities now in place or to be installed in the near future is presently 
unknown and can best be determined by a survey of major utilities. In the 
absence of such information, specifically as it relates to bulk-power-system 
requirements, the discussion here will be confined to the suitability of 
satellite communications. 

Of special concern is the question of reliability. The adequacy of 
satellite transmission as a primary means of communications hinges on a 
detailed knowledge of operational procedures and an estimate of the time 
required to restore satellite service following a catastrophic failure. Even 
then, acceptance of satellite transmission for primary communications is a 
very subjective matter. Consequently, the aim in this area will be to 
elaborate on questions already posed, rather than to provide definitive 
answers to these questions. 


A. ALLOCATED FREQUENCY BANDS AND AVAILABLE SATELLITES 

Satellite communications to support the control-system functions 
described in Sections III-V should be performed at frequencies allocated to 
the fixed-satellite service (FSS). The FSS allocations resulting from the 
1979 World Administrative Radio Conference (WARC) are shown in Table 6-1 
(Reference 14). Allocations restricted to a specific geographic region are so 
designated by the symbol R. Of present interest is Region 2, which consists 
of North and South America and Greenland. 

As a result of the 1979 WARC, considerably more bandwidth has been allo- 
cated to the FSS in several bands. Of special interest is S-band, where the 
dovmlink (space-to-earth) allocation has been expanded, in Region 2, to span 
the band from 2.5 to 2.69 GHz. Previously, it had comprised the band from 
2.3 to 2.535 GHz. A portion of the new band, 2.655 to 2.69 GHz, remains 
allocated to uplink transmission. 
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Table 6-1. Fixed-Satellite Service Allocationa Below 35 GHst 1979 WARC 




Band- 



Band- 


Earth-Co-Space* 

width 


Space-to-Earth 

width 

Band 

(GHz) 

(MHz) 

Band 

(GHz) 

(MHz) 

S 

2.655-2.690 R2**,3** 

35 

S 

2.5-2.690 R2** . 
2.500-2.535 KV 

190 

35 


5.725-7.075 R1 

1350 

A 

3. 4-4. 2 

800 

0 

5.85-7.075 R2,3 

1225 

H 

4. 5-4. 8 

300 

8 

7. 9-8 .4 

500 

7 

7.25-7.75 

500 


12.5-13.25 R1 

750 


11.7-12.3 R2^’® 

600 

12 

12.7-13.25 R2 

550 

12 

12.2-12.5 R3 ’ 

300 


12.75-13.25 R3 

500 


12.5-12.75 R1.3 

250 

14 

14.0-14.5 

500 

11 

10.7-11.7 

1000 

30 

27.0-27.5 R2,3® 
27.5-31.0 

500 

3500 

20 

n. 7-21.2 

3500 


°Dces not include bands that are limited to BSS feeder links. 

^Limited to national and sub-regional systems. 

*^Upper band-limit (12.3 GHz) may be replaced by a new value in the range 
12.1-12.3 GHz at the 1983 WARC for Region 2. 

^Footnote allocation. 

^Intended for use by, but not restricted to, BSS feeder links. 


In addition, the S-band power-f lux-density^ (PFD) limit on the PSS has 
been increased to agree with that for the broadcast-satellite service (BSS), 
which shares the 2.5 to 2.69 GHz downlink. The PFD limit is now -137 dBW/m* 
in any 4-kHz band, for elevation angles greater than 25 deg.^ The previous 
limit had been -144 dBW/m^ per 4 kHz in the more restricted FSS band. The 
expressed purpose of increasing Che PFD limit is to facilitate Che use of 
small earth stations in FSS applications. 


3 . . 

The downlink PFD is the radiation level at Che surface of the earth. 

^he PFD limit is lower for elevation angles less Chan 25 deg. However, 
there is about a 15-deg segment of the geostationary arc that is visible, at 
elevation angles greater than 25 deg, from all points in CONUS. 
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The uplink and downlink allocations at both 6/4 GHe (C-band) and 14/12 
GHe (Ky-band) hava also baan axpandad. Connerclal applications to date have 
been prlaarlly at C*band. However, because the geostationary arc Is severely 
overcrowded at these frequencies, many future commercial systems will operate 
at Ky-band. Even at the Ky-band frequencies It Is expected that crowding 
will occur also. 

The remaining two bands listed In Table 6-*l are of little interest for 
the present application. The 8/7-GHz allocation Is restricted tc government 
use. The 30/20-GHz band, for which satellite designs are being advanced under 
NASA sponsorship, will ultimately afford an alternative to the overcrowded 
6/4-GHz and 14/11-GHz bands for commercial applications. However, the cost of 
30/20-GHz components are expected to be somewhat higher Initially than the 
costs at the lower frequencies. Moreover, signal attenuation due to rain at 
30/20 GHz calls for more margin to maintain reliable communications. Because 
of these factors, the 30/20-GHz band Is expected to be used primarily for 
large-bandwidth, heavy-trunking applications. 

It should be noted that there are a number of frequency bands below 
S-band that have been allocated to satellite applications other than the FSS. 
Primary among these are the meteorological application and various mobile- 
satellite services. 

Of the frequency bands both allocated to the FSS and suitable for the 
utility application, only C-band and Ky-band will be represented by commer- 
cial satellites In the foreseeable future. It has been seen In Sections III-V 
that utility control-system data rates are quite low; for example, the traffic 
generated In the bulk-power system of a large utility can be measured In tens 
of kilobits. On the other hand, the Ky-band satellite systems presently 
planned for U.S. domebtlc use are designed to operate at very high data rates, 
and with quite complex earth stations. For example, the SBS satellite has 10 
transponders, each of 49 MHz bandwidth. The system Is designed to operate In 
a TDMA mode, at data rates from 43 to 48 Mb/s. Advanced Westar has four 
225-MHz, Ky-band transponders. Again, the full transponder bandwidth will 
be allocated to transmission from one earth station at a time. Other com- 
mon carriers, such as General Telephone an'! Southern Pacific Communications, 
plan to operate Ky-band satellites. It remains to be seen whether the design 
of these satellites and the planned mode of operation is compatible with the 
utility control-system application. 

This discussion Is not intended to rule out the possible use of Ky-band 
satellites, or even a Ky-band payload on a basically C-band satellite. 
(Advanced Westar and the proposed Southern Pacific Communications satellite 
combine C-band and Ky-band transmission.) One motivation for providing such 
a capability Is the absence of a fixed-service (l.e., terrestrial) frequency 
allocation In the (14.0 to 14.4)-GHz portion of the band allocated to 
satellite uplink transmission. (The uplink allocation comprises two 500-MHz 
bands, 12.75 to 13.25 GHz and 14.0 to 14.5 GHz). It Is possible, therefore, 
to locate earth stations without concern for possible uplink Interference 
(through earth-station antenna sldelo’es) Into terrestrial microwave systems. 
The possibility of downlink Interference Into other systems is controlled by 
PFD limits In the band from 10.7 to 11.7 GHz. No PFD limits appears to exist 
lo the (11.7 to 12.2)-GHz allocation, but non-interference remains an 
application requirement. 
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It would still bs nscssssry, in opsrating at R^-band, to taka pracau- 
tions to avoid intarfaranca froa tarrastrial aicrowava aystaasi ainca tha 
fixad and aobila sarvicaa shara tha (10.7 to 12.2)-CHs band with .ha P88. 
Howavar, this raducas tha problaa to a tachnical ona and avoids tha inharant 
opposition of tarrastrial coaaon carriars to satallita applications that ara 
potantial sourcas of intarfaranca. 

Oparation at K^-band has its disadvantages, howavar. Coaponant coats 
ara ganarally higher than they ara at lower frequancias. In addition, rain 
attenuation adds to tha aargin raquiraaants and ganarally leads to larger 
power raquiraaants. 

Tha priaary obstacla to utility-coapany coaaunications at C-band is tha 
sharad allocation with tarrastrial sarvicaa throughout tha (newly expanded) 
uplink allocation froa 5.85 to 7.075 GHs. (PPD liaits goverr. downlink trans- 
aission.) Because of tha widespread use of the 6-GHs band by tarrastrial 
cosBon carriers, coordination of satellite transaission at these frequancias 
can be difficult, especially in sMtropolitan areas. (C-band earth stations 
are often located outside densely populated areas, with aicrowave "tails" 
extending into the cities.) On the other hand, if there is considerable 
flexibilicy in the precise location of an earth station, or if the earth 
station is to be located in a remote area (as might be the case with severs! 
types of DSC), C-band transmission would be a logical choice. 

The obvious advantage to C-band communications is that there are a 
number of satellites currently in use that operate on a frequency-division, 
shared-transponder basis. It is possible, therefore, to lease a narrowband 
element of satellite capacity which is commensurate with the low data rates 
typical of utility control-system functions. 

Even in areas where C-band satellite cosinunications might have only 
limited application because of the terrestrial-interference problem, the avail- 
ability of C-band satellites, together with an appropriate access method, makes 
C-band especially attractive for a demonstration or pilot program. Because of 
the critical role of control-system comsiunications and the predictably conserva- 
tive approach of utility-company management to radical innovation in this area, 
it is necessary to demonstrate the technical feasiblity of satellite communi- 
cations well in advance of any attempt at widespread adoption of this trans- 
mission mode. 

Accordingly, C-band satellite link designs are developed in Section VIII 
which show that conmunications suitable for utility control-system use is 
possible with earth stations of modest sise and cost. For example, a data 
rate of 12 kb/s can be supported, using current satellites, with a 3-m antenna 
combined with a 5 W high-power amplifier (HPA). Newer satellite designs, 
exhibiting greater receiver sensitivity, require less uplink transmitter power 
to support a given data rate. Although uplink transmission at 6 GHs with 
antennas smaller than 4.5 m has not yet received FCC approval, the level of 
interference injected into adjacent satellite systems with the above r’^i’^oeter 
values is not eccessive. 
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The rcoiaining fixcd-eetcllite frequency allocation which ia suitable for 
utility company ncada is at S-band. This band has not been attractive for 
cosaercial purposes because the total allocation is quite small in comparison 
with that at either C-band or K^-band. Prior to the 1979 WARC, only 35 MHa 
was available in each of the uplink and dotmlink directions. Although a total 
of 190 MHa is now allocated to the downlink, the uplink allocation is 
unchanged. 

One of the attractions of S-band for the utility application is the high 
performance and low cost of components as compared with those at either C-band 
or K^-band. A significant disadvantage, however, is the heavy use of S-band 
for terrestrial transmusion by the common carriers. Tt could be difficult, 
therefore, to frequency -coordinate a large number of earth stations within a 
metropolitan area. The coordination problem does become less severe as the 
required bandwidth becomes smaller. However, It is highly desirable that 
control-system of a given utility be operated at the same frequency (see 
Section VII-A). Therefore, it is necessary that a common frequency band be 
cleared at all earth-station sites. This makes it less likely that S-band 
could be used for uplink tra.tsmission by a large number of stations within a 
metropolitan area. 

An S-banJ downlink, on t.he other hand, is a distinct possibility 
(although interference from cerrestrial carriers would have to be taken into 
account). Should a satellite be designed to produce a large effective 
isotropic radiated power (EIRP) per unit bandwidth, to minimise earth-station 
costs, there would be little problem of potential interference with other 
satellite systems. (B> contrast, at either C-band or K^-band, the crowded 
geostationary arc demands relative uniformity of satellite characteristics to 
avoid interference between adjacent satellite systems.) The problem th»t 
arises is the need to couple the S-band downlink with an appropriate uplink 
frequency. For applications such as load management, where one-way 
communications may s<;ffice, uplink frequency coordination w^uld be required 
only at a limited nurjber of controlling earth stations. Therefore, an S-band 
uplink might be used for this purpose. 

The basic problem with this approach is that most utility control-system 
applications require two-way communications. It might be possible to coordin- 
ate the placement of earth stations for bulk-power-system communications with 
^.xisting terrestrial links at S-band, because of the relatively small number 
of earth stations involved. However, for widespread distribution-system 
application, it could prove necessary to choose an uplink frequency not shared 
with the terrestrial services. Of the frequencies allocated to the FSS, only 
K^-band meets this requirement. 

The other possibility is an uplink allocation for utility-compary use 
outside the present FSS bands. Based on the data rates previously developed, 
the potential traffic for distribution systems nationwide is about 5 Mb/s. 
Because only a relatively small percentage of this traffic is likely to 
materialize and be carried over satellite links, a 1-MHz allocation should 
suffice. Should a new uplink allocation be proposed, it would also be 
reasonable to consider a new downlink allocation, of similar bandwidth. By 
this means, questions of interference with and by other services could be 
eliminated . 
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Th« forcgoinf diicuaalon haa baan conearnad, in rathar ganaral tanaa» 
with availabla fraquancy banda and aatallitaa* Littla attaapt haa baan aada 
to ralata thaaa factora to tha raquiraaMtita of apacific control-ayataa linka, 
axcapt to nota cartain tranda baaad on tha nuid>ar or aiia of aarth atationa to 
ba daployad. In tha naxt aaetion, tha poaaibla rola of aatallita coaaunica- 
tiona in control-ayatan oparationa ia conaidared at diffarant lavala of tha 
control-ayateai hierarchy. Tha availability of auitabla fraquanciaa and/or 
aatallitaa conatitutaa ona aapaet of thia broadar aubjact. 


B. SUITABILITY OP SATELLITE COMMUNICATIONS 

It ia clear from the diacuaaion in thk. laat aaetion that tha faaaibility 
of aatellite tranamiaaion for alectric-utility coaMinication naada dapanda on 
auch factora aai 

(1) The number of earth atationa to be coordinated with terreatrial 
linka I if the uplink frequency ia in a band ahared with terrea- 
trial aervicea. 

(2) The repeater characteriatica of available or planned aatellitea- 

(3) Earth-atation coata correaponding to the aatellite-repeater 
charact'- riatica • for the aelected frequency band. 

The firat factor will vary depending on the portion of the control ayatem in- 
volved. In general, there will be relatively few bulk-power-ayatem earth 
atationa in compariaon with the nuod>er of earth atationa for diatribution- 
ayatem applicationa. The aecond and third factora are fixed once the frequency 
band is specified (except for the possibility of a specially designed satellite 
payload). However, the implicationa of these factora can be very different at 
different levels of the control -system hierarchy. Furthermore, the reliability 
requirements vary within the control syatem, generally being higher in the 
bulk-power system and lower in the distribution system. It is necessary, 
therefore, to consider the different segments of the control system separately 
in assessing the suitability of aatellite communications. 


1. Bulk-Power System 

Because of the major role played by each generating plant, BPS, and 
switching station, the bulk-power control system anist be extremely reliable 
and constantly available. As a integral part of the control system, the com- 
munications links that carry the monitored data to the ECC and the resultant 
commands in the reverse direction must be equally available and no less reliable 
To ensure the desired reliability, there should be a pair of parallel communi- 
cations systems that are as nearly independent of one another as possible. 

From the standpoint of independence, a set of satellite links from the ECC to 
the various bulk-power-system sites would constitute an ideal backup network 
to an already existing primary communications system. 
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A backup ■acallic* •yaCaa would include an appropriately aiaad frequency 
band of raaarvad aatellita capacity, which would rauin unuaad (other than for 
test purpoaes) except in the event of a failure in the priaary coaaunication 
■yatea. Baaed on the oatiaMtad 40-kb/a required capacity for a large utility 
(i.e., one providing 1% of the nation's electrical energy), annual transponder 
leas# coats would be about $10,000 with currant C-band satellite tariffs. 

One problaa with C-band transaission, already aantionad, is the need to 
frequency coordinate each earth station with existing terrestrial coaaon- 
carrier links. If there is considerable flexibility in locating the earth 
stations on the properties occupied by the various generating plants and BPSs, 
this isay not be too severe a problaa. The alternative is to choose an off-site 
location for the earth station. This choice would necessitate a secondary link 
to connect the bulk-powar-systea site with the earth station. It would also 
involve the expense of purchasing or leasing an appropriate piece of land for 
this purpose, if the utility transaission corridor could not be used. 

It is estiaatad (see Section VIII-E) that the price of a 4.5-a, C-band 
earth station with redundant coaponents, for use at one of the reaote (i.e., 
non-ECC) locations;, is $74,000. These figures are based on current coaponent 
prices, with the exception of the TDMA baseband equipment, ^ere a development 
effort is required and for which only the recurring equipment cost has been 
considered. 

Satellite transmission can also be used as a primary means of eosaiunira- 
tion within the bulk-power system. The opportunity for using satellite trans- 
mission depends on the extent to which various utilities intend to reconfigure 
their coaiaunication systems in the future. Such a reconfiguration may be 
expected with the development of an ECC to control bulk-power-system opera- 
tions. From a tabulation by Dy Liacco (Reference 15), it can be see.i that 59 
U.S. utilities will have placed control centers of this type in service by 
year-end 1980. An additional 17 utilities plan to have control centers in 
operation by the end of 1962. These 76 utilities represent about 2.5X cf the 
total number of utilities in the United States. However, they clearly repre- 
sent a much larger (though undetermined) percentage of the total power 
generated. 

The fact that an ECC is in operation does not necessarily imply that re- 
configuration of the coamunication system has been completed. As has been seen 
for the LADWP , at the end of Stage 1 of the control-system implementation, only 
the microwave link connecting the ECC with the existing consBunication network 
will have been completed. Installation or upgrading of microwave links to the 
various generation plants and receiving stations will be done subsequently. 

It is reasonable to assume, therefore, that tome of the 17 utilities scheduled 
to place control centers in service during 1981 or 1982 could use satellite 
transmission within their bulk-power systems. The same is true of utilities 
that will introduce control centers in later years. Tliv;re is less likelihood 
of widespread (primary) use of satellite transmission among utilities that 
already have control centers in operation. 

If satellite links are to be used in bulk-power-system operations, 
whether for primary or backup transmission, they must be compatible with the 
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•Itcrnac* Mans of coiBunication botwoon th« 9tm» pairs of pointa. For 
axaapla) tha protocol aaployad by cha ICC in pollint ITUa ineludaa tha choiea 
of a "ciaa-out" intarval, folloving which aoaa action ia takan (parhapa a 
rapaat poll) if no raaponaa haa baan racaivad. Othar thinga baing aqual» tha 
tiaM-out intarval would hava to ba 0.54 a longar for aatallita tranaaiiaaion 
than for tarraatrial tranaaiaaion to allow for tha two-way propagation dalay. 
Bacauaa it will ba nacaaaary to awitch batwaan tarraatrial and aatallita 
cranaaiaaion in tha avant of a coaaninication failura, tha protocol aalactad 
ahould ba coapatibla with aithar tranaaiaaion aoda. 

Tha final quaation to ba conaidarad for bulk-powar-ayataa coaaunicationa 
ia that of raliability. Bacauaa thara will ba two indapaudant aaana of coa- 
aunicationa, if aatallita tranaaiaaion ia choaan for aithar tha priaary or 
backup aK>da, infraquant failuraa can ba paraittad providad raatoration of tha 
failad aoda can ba accoapliahad fairly quickly. In tha caaa of aatallita 
tranaaiaaion, aarth-atation radundancy with automatic awitchovar capability 
will virtually aliainata tha poaaibility of aarth-aagaant failura (barring 
aabotaga or an act of nature). Tharafora, only tha aatallita raauiina aa a 
aignificant failura poaaibility. 

Bacauaa of tha low utility data-rata raquiraownta in coapariaon with 
typical cranapondar capacitiaa, all U.S. bulk-powar-ayataa conaunicationa 
could conceivably ba aarvad by a aingla aatallita tranapondar. At tha vary 
laaat, many utilitiaa would likaly ahara a common tranapondar. Failura of a 
aingla cranapondar, tharafora, could aliainata aithar Cha priaury or tha backup 
aaana of coaaaunicaCiona for a large portion of Che utility induatry, if aatal- 
lita uaa were to become widaapraad. 

Fortanately, awitchovar to a backup tranapondar in the aaae aatallita 
can ba accoapliahad in a atraightforward manner. Bacauaa an altarnata aaana 
of coaaaunicacion haa bean aaauaad for ail bulk-powar-ayataa linka, coaaunda to 
effect thia awitchovar can readily be aant to all bulk-powar-ayataa aitea. 

The Cranapondar to be accaaaed ia deterained by choice of a cryatal of appro- 
priate reaonant frequency in the aarth-atation up- and down-convertera > If 
"double-converaion" devicea are aaployed to ahift froa Che 70 -NHb IF Co Che RF 
frequency, and vice veraa, a tranapondar change requirea no aore than the 
replacement of a cryatal. *ntia proceaa can be autoouited bacauaa, with the 
backup tranaponder generally known in advance, the appropriate cryatal can be 
included with the aarth-atation equipment. The awitchover can be accompliahed 
within aeconda of the time the tranaponder failure becomea known at the ECC. 

It ia worth mentioning that, in the hiatory of C-band aatellitea auch aa 
Anik, Weatar, and Intelaat IV, tranaponder failurea have not occurred auddenly. 
Rather, they have taken place over a period of time aa the reault of a reduc- 
tion in gain of the tranaponder TWT. ConaequenCly , an orderly tranaition to a 
backup tranaponder haa alwaya been poaaible for eaaential aervicea. 

There haa not yet been a total failure of an operational commercial 
aatellite. It ia neceaaary, nevertheleaa, to be prepared for one if aatellite 
tranamiaaion ia to be uaed for utility control-ayatem comaiunicationa . Satellite 
tranamiaaion would not be uaed aa either the primary or the alternate meana of 
coimminicationa unleaa a backup aatellite waa on-atation and operational. 
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To switch fro« th« priaary sstollitc to th« backup satallita, it is 
ntcassary to rapoint aach aarth-atation antanna in tha naw diraction. This 
rapointing would taka aoaa fraction of an hour for a trainad tachnician to 
accoaplish, ones ho la on-aita« Tha total alapsod tiaa raquirad to rapoint 
all antannaa of a utility coapany's bulk-powar syatoa dopondo on tha nuabar of 
tachnicians availabla, aa wall as on tha nusd>ar and goographic dii ribution of 
aarth staticna. 

At laast ona aajor utility haa boon activoly considaring tha poosibla 
rola of satallitas in bulk-powar~systoa coaauni cat ions. Niagara Mohawk Powar 
Corporation meant ly coaplatad an axpariaant using NASA's axparlmantal 
Applications Tachnology Satallita (ATS**3) and tha Gaostati onary Orbiting 
Bxpariaantal Satallita (GOBS) (Bafamnea 16). Thasa satallitas ara vindar tha 
control of NASA and tha National Ocaanic and Ataospharic Adainistration 
(NOAA)| mspactivaly. Linko ware astablishad to a BPS and to tha Powar 
Control Cantar through both satallitaa. Tha GOBS wss usad solaly to ralay 
anvironaantal data, whila ATS-3 was also involvad in tha siaulation of a 
typical SCADA aystaa. Niagara Mohawk is al>o investigating possible operation 
through current cosaarcial satallitas. 


2. Dispersed Storage and Generation 

vniila DSGs ara properly considered part of tha distribution systaa, 

(Chair characteristics and coaaunication requimaants are sufficiently distinct 
froa those of other distribution-systca elesants that they will be considered 
separately in assessing the aerits of satellite transaission. For the aost 
part, the 10,000 DSGs of substantial size (i.e., >1 MW) chat are 

anticipated by Che end of the century do not exist today. Th^rt’fure, in 
conceptualizing a connunicacion systea for use in their contrcl, all available 
aedia may be considered without prejudice based on already existing means of 
connunication. 

There is a great deal of flexibility in choosing Che location of certain 
types of DSGs. For example, photovoltaic cells of significant capacity can be 
located anywhere there is extensive land area that can be devoted to this 
purpose. While this requirement may restrict their development in densely 
populated areas, these devices should eventually be quite prevalent in rural, 
if not suburban, areas. Because of Che relative accessibility of these loca- 
tions, several means of communication, including telephone (private-line only) 
and radio, are available for control of Che DSGs. 

On Che other hand, hydroelectric units isusC be located at Che site of 
naturally flowing water, hydroelecCrically pumped storage systems depend on 
the existence of a pair of reservoirs at different levels, and wind-generation 
systems also require the presence of appropriate natural conditions. More- 
over, all of these required local conditions are likely to be found in remote 
areas, where distance and line-of-sight requirements preclude the use of 
connunication media such as telephone and radio. In these cases, satellite 
transmission may be regarded as a naturally preferred alternative. 
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For DSGs that «r« rmiotely located • any of the fixed-aatellite frequency 
allocations ia likely to be a auitable choice. Fron the atandpoint of avail- 
able aatellitea with auitable acceaa methoda» C-band ia the only currently 
viable candidate. However t if a aingle choice of frequency is to be compat- 
ible with all prospective D8G locations , there would seem to be no alternative 
to a K„-band uplinkt among exiating frequency allocations. 

The price of a 3-m, C-band earth station with nonredundant coaiponents 
is estiouted at $32,000 (see Section VIII-B), and is therefore compatible with 
a DSG in the 1-MW-plus category. A K„-band earth station would be somewhat 
more costly. A 3-m antenna should be physically cosipatible with most DSG 
sites. Furthermore, as is shown in Section VIII-D, an antenna of this size 
will not cause excessive interference with other satellite systems. Earth- 
station redundancy is not required because a comniunication failure involving a 
single DSG would have at most a local effect. It is only necessary to program 
the local controller so that, during a communications failure, the DSG reverts 
to an autonomous and inherently safe mode of operation (which might be a shut- 
down of operations). 

A sc*:ellite failure could have much greater consequences. It has been 
estimated whit, by the year 2000, DSGs will provide between 4X and lOX of the 
electrical energy production in the country. Thus, a satellite failure could 
result in the tenporarv loss of the coordinated use of this energy output. 

A single transponder failure can be overcome by instructing the DSG 
controller to attempt to communicate over the backup transponder (by switching 
to the appropriate crystal in the up/down converter) whenever communications 
has been interrupted for a prescribed period of time. Although the reliability 
of such a switchover procedure remains to be determined, temporary loss of 
control over a portion of the DSG population should not prove too serious 
(assuming the DSGs revert to a fail /safe mode). If the communications failure 
should result from a component failure in the DSG terminal, this would be 
evident at the controlling station, at which point appropriate maintenance 
procedures would be initiated. 

In case of a total satellite failure, it would be necessary to repoint 
each DSG earth-station antenna in the direction of the backup satellite. While 
it could take a number of days to accomplish this task for the entire DSG popu- 
lation, those units with the capability to significantly impact system perfor- 
mance could probably be visited in a single day. Because of the low proba- 
bility of a total satellite failure and the relatively small impact it would 
have in terms of DSC operation, this possibility should not be regarded ao a 
serious deterrent to the adoption of satellite transmission for DSG control. 


3. Distribution Syctem 

The many functions that might be performed under the heading of OAC have 
be'^n divided into two groups (in Section V), under the subheadings of opera- 
tional management and load management. In addition, there is the meter-reading 
function, which is regarded as a third category. However, this three-way clas- 
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•ificacion is inadequate to perfoni an aaaessaent of aatallite transaiasion for 
control-aystea purpoaes because f within the first t«ro categories i there is 
considerable diversity in the nature of the physical site at %ihich data are to 
be aonitorsd or control exercised. 

For exaaple, voltage levels are aost often controlled by changing the tap 
setting of a transformer located at the distribution substation (although a 
secondary transformer, located on a feeder line at some distance from the sub- 
station, can also he involved). VAR control is normally done at the substation 
as well. 

Fault detection, on the other hand, can take place at various points in 
the distribution network. Occurrence of s fault is signaled by the unscheduled 
opening of a feeder switch or the blowing of s fuse. Switch and fuse operation 
is normally arranged so that only the device neatest the fault, in the direc- 
tion of the substation, is affected by the fault. Unless the feeder breaker, 
located at the substation, is tripped by the fault, the latter cannot be phys- 
ically detected at that point. Coumiunications with RTUs located at the 
various switch and fuse sites permits faults to be detected, and faulted 
se( ’ons to be identified, from a substation control point. 

Once a fault is located, service must be restored to unfaulted sections 
by control of mainline feeder switches, feeder tie switches, and the feeder 
breaker. For example, a fault on a mainline feeder is i8ola.':ed by opening the 
switch closest to the fault on either side. The load above the faulted 
section is restored by closing the feeder breaker; the load below, by closing 
tie switches to transfer the load to adjacent feeders. A portion of the load 
could be switched to a feeder emanating from another distribution substation, 
in wliich case a control point above the substation level (i.e., the DDC) would 
become involved. 

Switching within the distribution feeder network is also conducted on a 
scheduled basis, to isolate sections of feeder for routine maintenance and to 
transfer load between feeders and substations for load-leveling purposes. 

Feeder loads, as seen from various points, must be monitored to ensure that 
the planned reconfiguration does not lead to an overload of distribution-system 
equipment . 

Physical site distinctions also arise in load management and meter 
reading. It is necessary to differentiate the performance of these functions 
for single-family houses, multiple-unit residential structures, and indut*trial 
and commercial establishments. 

A 3-m earth station has been taken as representative of distribution- 
system sites, to assess operation with current communica''iori satellites. This 
type of installation is compatible, in both size and coi with deployment at 
distribution substations, medium-to-large industrial sit..., and large residen- 
tial complexes. With respect to the choice of frequency bands, the preceding 
discussion regarding DPG earth-station deployment is equally applicable to 
diittribution-oystem installations. In other words, where two-way communica- 
tions is required, such as between a DDC and a DAC, a K^-band uplink may be 
mandatory because of the large number of earth stations located in populous 
areas . 
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The aaoe la true for load oanageMant at induatrial or large raaidantial 
aitea, if control ia axerclaed at the DAC level. It aiight be poaalble, ahould 
control eoanate froai the leaa mmer DDCa, to uae a C-band uplink. Meter 
reading, however, which involvea du. tranaaiaaion, ia likely to require a 
K,,-band uplink froa the reaote aitea. 

The preauaed need for a K^-band uplink on DAC-to~DDC conaunicationa 
precludea near-tere adoption of aatellite tranaaiaaion for thia purpoae, in 
the abaence of a auitable K„-band aatellite. It haa been claiaed that 
"economic analyaia and power ayatea aiaulation atudiea have not deaonatrated a 
aignificant b«nefit-to-coat ratio for diatribution autoaation functiona" (aee 
Reference 5). Thua, the need for auch a aatellite ia not immediate. However, 
automation of operational-management functiona ia expected to be widely adopted 
in future yeara, eapecially aa it ia required for D8G control. 

By contract, load management ia currently being practiced at many indua- 
trial aitea. For aatellite tranamiaaion to be a viable communication mode for 
thia application, two conditiona muat be aatiafied. Firatly, conanunication 
muat take place only in the command direction; and aecondly, control aniat be 
exerciaed from a amall number of pointa, which can be frequency-coordinated at 
C~band. The aecond condition auggeata that, initially, load management ahould 
be the reaponaibility of the DDC. At a later time, ahould a K^-band payload 
become available, thia reaponaibility could be ahifted to the DAC or aubatation 
level. Thia progresaion, from relatively centralized to decentralized control, 
ia consistent with the manner in which control-system development may be ex- 
pected to evolve. 

Not covered by transmission with 3-m earth stations are communications 
needs associated with fault detection and isolation, feeder-load management, 
and transformer-load management, except where these functions can be performed 
through monitor and control operations at the distribution substation. Addi- 
tionally, a 3-m earth station would be inappropriate for load management and 
meter reading at smaller industrial sites and at most residential structures. 

A special-purpose satellite is needed for these types of applications, which 
presumably is shared with other narrowband services and which permits the use 
of extremely small antennas and generally low-cost components on the ground. 
These requirements would be satisfied by a satellite operated to produce a high 
EIRP per unit bandwidth to compensate for the low receive antenna 
gain/receiver noise temperature (G/T) on the ground. In addition, a large 
satellite G/T is needed to permit a reaLonable-size HPA to be used with the 
small ground antenna. These requirements can be jointly satisfied by the 
deployment of a multiple-beam (and, therefore, high-gain) spacecraft antenna 
subsystem. 

There are several frequency bands at which auch a satellite might 
operate. Generally, the cost of ground equipment will be less, the lower the 
frequency. This factor, together with the presence of significant rain atten- 
uation at K^-band, probably rules out this band for general distribution- 
system application. 

C-band downlink frequencies in the bands 3.4 to 3.7 GHz or 4.5 to 4.8 
GHz (i.e., those frequencies not presently used by C-band satellites) could be 
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considered, becrose there would be no possibility of interference into other 
sstellite systems resulting frosi the large satellite BIRP. Correspondingly, 
an uplink carrier outside the band 5.925 to 6.425 GHs used by present 
satellites does not run the risk of interference from other satellite systems 
as a result of the large satellite G/T. However, components are still 
relatively costly at C-band, so it would be preferable to operate at a lowev 
frequency . 

A satallite system operating at 8-band, the remaining PS8 allocation, 
largely avoids the possibility of interference with other satellite systems. 
Moreover, component costs are more reasonable, and cheit performance is con- 
siderably improved, with respect to those at C-band. To illustrate possible 
S-band operation, consider a system operating at the PFD limit of -137 dBW/m^ 
per 4 kHs, as described by the link budget of Table 6-2. For an assumed down- 
link carr ier-to-noise ratio (C/N) requirement of 13 dB, a ground antenna gain 
of 16.4 dB is required. This gain can be provided by a 0.3-m (1-ft) antenna. 
Thus, S-band transmission with small ground antennas necessitates a spacecraft 
designed to operate at or close to the PFD limit. 

Operation with small antennas at S-band introduces another concern. A 
0.3-m antenna has a half-power beamwidth of 30 deg. At a location from which 


Table 6-2. S-Band Downlink for Operation at the PFD Limit 


Satellite EIRP per 4 kHz (dBW)^ 

26.0 

Space loss (dB) 

-192.0 

Receive antenna gain (dB) 

16.4 

Received carrier power (dBW) 

-149.6 

Receive system noise temperature (dB-K)^ 

30.0 

Boltzmann's constant (dB(vnc~^Hz~^ )) 

-228.6 

Noise bandwidth (dB-Hz) 

36.0 

Received noise power (dBW) 

-162.6 

Downlink (C/N)*^ 

13.0 

^Spreading loss (1/4 TrR^) is -163 dB-m”^. 
is there foiv'e 26 to 163 ■ -137 dBW/m^. 

Po%rar flux density 


^Assumes a mixer front-end. 

^The use of coding for error correction has been omitted for reasons 
of cost. 
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the satellite is seen at an elevation angle of 25 dag, for exaaple, the lower 
half-power elevation angle is only 10 deg. Thus, a potential is created for 
excessive interference both into and fron terrestrial systems. 

The severity of these two problems (i.e., the high PFD and the radiation 
at low-elevation angles) can be alleviated through the use of a larger ground 
antenna. A 1-m, rather than a 0.3-m, antenna would reduce the satellite BIRP 
requirements (and thus the PFD) by 10 dB and would lessen the chances of 
bothersome interference with terrestrial systems. Hotrever, the 1-m antenna 
would also reduce the range of distribution-system applications amenable to 
satellite cosssunications. 

All of the interference problems described, whether with respect to other 
satellite systems or terrestrial links, could be eliminated by the 
introductionof a frequency allocation not shared with other satellite or 
terrestrial services. Based on traffic estimates in Section V, an allocation 
on the order of 1 MHs in both the uplink and downlink directions should 
suffice. Once again, low frequencies are favored from the standpoint of 
minimising component costs. However, if too low a frequency is chosen, urban 
man-made noise may limit the downlink performance. At a given frequency, the 
magnitude of this effect depends on the directivity of the ground antenna and 
the elevation angle of the satellite. For a reasonably directional ground 
antenna, a frequency in the (1 to 2)-GHz range may offer the best compromise 
between these two factors. 

The Boeing study of a satellite system designed for distribucion-system 
monitor and control operations (see Reference 6) provides cost estimates of 
ground equipment intended for use with a multlbnam (high-gain) satellite 
antenna. Uplink and downlink frequencies in the vicinity of 1 GHz are assumed. 
While the ground antenna size is not explicitly indicated, link budgets are 
provided elsewhere in the report for both 0.15-m (0.5-ft) and 0.3-m (1-ft) 
antenna diameters. 

The equipment costs given pertain to load management and meter rr^ading 
performed at residential s^'~es. An earth station located at the distribution 
transformer i' ~ ~>’«ned to be shared by the residences receiving power from 
the secondary si . the transformer. Communications between the earth 
station and the riisidences takes place via the power line itself. 

The estimated cost of a residential terminal which provides two-way 
communications (via the power line) with the earth station (for meter reading) 
is $175. The corresponding earth-station equipment cost is about $300 for a 
production volume of 1 million units. If 10 residences share an earth station, 
the average total cost per residence is typically $200. 

When only one-way communication is required, as presumed for load manage- 
ment, the residential and earth-station costs fall to $40 and $150, respective- 
ly. With 10 residences sharing an earth station, the total cost per residence 
is $55. 

The estimated earth-station cost of $300 for equipment providing two-way 
satellite communications should also be representative of the cost of an earth 


6-15 


mrarmfitXaiiitT — 




station suitable for oparational-'«anagemant functions perforaed below the 
distribution-substation level. Typical of these functions is the neea to 
monitor the status of a sectionalising switch which, following detection of a 
fault, may have to be reset to an open or closed position. 

No detailed breakdown of the earth-station coats cited previously is 
provided in the Boeing report. If, in fact, these costs can be aubatantiated, 
thb advent of a special-purpose satellite could render satellite transmission 
a viable candidate to provide the comoiunications needed for most distribution- 
system functions. The characteristics of such a satellite would resemble those 
advanced for the LMSS (see Reference 9) in the sense that a multibeam satellite 
antenna is needed to minimize the earth-station antenna and HPA requirements. 
Much of the technology development associated with the design of such a satel- 
lite (specifically, the large deployable antenna subsystem) woild be equally 
applicable to a satellite payload developed for the utility application. 

The proposed LHSS system uses the newly allocated (806 to 890)-MHe band 
for two-way vehicular coamiunicstions , while conducting all base-station 
communications at S-band. In the distribution-system application, the remote 
stations would transmit and receive at frequencies newly allocated for this 
purpose. Communic^-tions between the satellite and the master stations could 
take place either at the new allocations or at S-band. The feasibility of the 
latter approach depends on factors already discussed. 

A satellite designed for general distribution-system use could also 
serve the communication needs of the DSCs, although a larger frequency alloca- 
tion would be required. The discussion of DSG communications in the preceding 
section presumed that no such satellite would be available, and therefore was 
focused on existing satellite designs. Because both the development of DSG as 
a significant energy source and widespread adoption of DAC are not expected 
before the 1990s, a satellite developed for the latter application would be 
available in the proper time frame to serve DSG needs as well. 

Reliability considerations for operational- and load-management communi- 
cations are similar to those governing DSG operations. In other words, com- 
munication failure to a single distribution-system site is not especially 
significant from a system viewpoint, provided the element involved continues 
to function in a fail/safe manner. Load management presents no p^-oblem in 
this respect, because the continued operation of a small number of units that 
should be turned off will not seriously affect the load on the system. Further 
more, manual backup to feeder-structure communication links is adequate, 
because che outages that result will be no worse than those currently exper- 
ienced. 

The only reliability problem of consequence is that resulting from a 
satellite failure. It would be necessary to have a spare satellite in orbit 
to avoid a prolonged period (measured in months) during which DAC functions 
are lost. Both the primary and spare satellites should be given orbital 
locations that place them simultaneously within the beamwidth of the largest 
ground antenna with which they are to be used. In switching from the primary 
to the backup satellite, the former would have to be completely disabled (with 
respect to distribution-system conmunications) to avoid interfering with 
operation of the latter. 
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c. 


DISTRIBUTION-SYSTEM COMMUNICATION ALTERNATIVES 


A* discussed in Section VI-B-3» satellite transmission can, in principle, 
be used as the communication vehicle to perform all DAC functions. For some 
applications, satellites similar to thoaa presently in operation are appro- 
priate. In other instances, the feasibility of satellite transmission depends 
on the availability of a spacial-purpoae satellite payload to permit lo«r-cost 
ground installations at numerous residential, industrial, and faedar-natwork 
sites. In either case, the attractiveness of a satellite solution depends on 
the communication alternatives for performing the various DAC functions. 

The primary candidates, other than satellite, to satisfy the distribution- 
system cosnunication requirements aret 

(1) VHP or UHF radio. 

(2) Power-line carrier (PLC). 

(3) Switched telephone network. 

(4) Private-line telephone. 

tS) Cable television (CATV). 

No single coomuni cat ions mode is brat suited to perform all DAC functions. 
Rather, the characteristics of a given mode must be compared with the conanuni- 
cation requirements of each DAC function to determine which combinations are 
feasible. The economics of the resulting candidate modes can then be compared 
and a preferred means of communication for each DAC function selected. 

The costs associated with the different conmninication modes identified 
previously are developed in a report by Systems Control, Incorporated (SCI) 
(Reference 17), which was prepared for the FCC. Therefore, the present dis- 
cussion is confined to establishing the feasible communication mode/DAC 
function combinations. Some of the factors taken into consideration in estab- 
lishing these associations are: 

(1) Coverage area. 

(2) Penetration of coverage area. 

(3) Configuration flexibility. 

(4) Btoadcast-mode capability. 

(5) Simplex versus duplex transmission. 

(6) Data rate. 

(7) Response time. 

(8) Reliability and availability. 

Control over distribution-system RTUs can be exercised at either the DAC 
or DDC level. Accordingly, communication between an RTU and its control point 
may follow several distinct types of paths: 
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(1) Direct connection to a DAC control point. 

(2) Direct connection to a DDC control point. 

(3) Connection via the DAC to a DDC control point. 

(4) Connection via a concentration point to a DAC control point. 

(5) Connection via a concentration point to a DDC control point. 

The firat three poaaibilitiea are aelf-explanatory . The concentration point 
referred to i: Paths 4 and 5 can aaaume several forms. For example, if the 
immediate connection to the RTU is via CATV, the concentration point would be 
the CATV headend. The distribution substation would itself serve as the con** 
centration point for a PLC connection to the RTU. 

The connection from the concentration point to the control point in 
Paths 4 and 5, or from the DAC to the DDC in Path 3, may use a different 
communication laedium from the one used to provide the RTU connection. (This 
is necessarily true if the RTU connection is via PLC.) In assessing coiomuni- 
cation alternatives for compound paths of this type, attention will be res- 
tricted to the path segment providing the RTU connection. 

Evaluation of communication alternatives is based largt^ly on material in 
the SCI report, although the conclusions reached here do not agree in all 
respects with those of that source. It should also be pointed out that the SCI 
report considers satellite transmission a viable candidate only for low-data- 
rate applications. With the availability of a special-purpose satellite, how- 
ever, required data rates for all DAC functions can be supported. Moreover, 
even without such a satellite, data rates in excess of 10 kb/s can be supported 
at distribution-system sites equipped with 3-m earth stations. 


1. VHP or UHF Radio 

Presently, VHF-FM radio is used for load management at frequencies 
of 153 MHz and 174 MHz, which have been especially allocated for this purpose. 
The coverage area of a base station varies with the transmitting antenna 
height, remote antenna height, transmitter power, frequency, and the degree of 
natural and structural blockage. For example, in an urban area, for antenna 
heights of 200 m and 3 m, respectively, the mean attenuation at the above 
frequencies is less than 28 dB for distances up to 20 km. If the trans- 
mitter power is such that this is the maximum acceptable attenuation level, the 
coverage area has a 20-km radius. 

Adequate communi jations is generally not possible to all points within 
the coverage area, however. The received signal at certain locations will 
undergo deep fades as the result of multipath propagation. Other points may 
have no single path of adequate strength to the base station. This problem can 
be alleviated to some extent through the use ot space diversity or the place- 
ment of reflectors at judiciously selected locations. 

The capability of radio communications for performance of DAC functions 
depends on the allocated spectral bandwidth in relation to the required data 
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rate. The highcat data rata la aaaoeiatad with aonltor, rathar than control, 
functlona. In fault dataction, for axaapla, tha control atation periodical ly 
acana the atatua of all diatribution-ayataa devicaa that can autoajtically 
change atate bacauaa of a fault. Tha required data rata dapenda on tha nuabar 
of devicaa to be polled and tha period of tha polling cycle. 

The nuabar of RTUa connected to a aingla concentration or control point 
can be reduced through greater decentral iaat ion of control. However, thia 
decentralisation aerely fragaenta the frequency aaaignaent to a greater dej^ree, 
unleaa frequency reuae in different portiona of the aervice area la poaaible. 

In thia caae, the required frequency aaaignaent ia alao reduced. Increaaing 
the number of control pointa alao increaaea the number of tranamitting towera, 
although the height of each tower can be reduced accordingly. 

The period of the polling cycle ia fairly arbitrary. Since moat faulta 
occurring at a diatance from the diatribution aubatation are reported hy 
telephone today, a polling cycle aa long aa 1 minute aeema quite reaaon<^ble. 

A ahorter polling cycle would reduce iby up to 1 min) the time taken to 
reatore aervice to unfaulted feeder aectiona; however, it would not leaaen 
significantly the time needed for repair of the fault, which would still have 
to be done manually. 

For example, assume that a large utility, serving 1 million customers, 
has 1,000 distribution substations and 4,000 feeders. There are two switches 
per feeder to be monitored and a total of IH control pointa (at the DDC level). 
For a typical set of message parameters (see Reference 17) and a polling cycle 
of 1 min, the combined poll > sponse bit rate for each control point is about 
1 kb/s. 

Because the distribution-system monitor functions are not time-critical, 
often it will be reasonable to choose a polling cycle that is compatible with 
the available bandwidth. To the extent that this is possible, radio trans- 
mission may be considered a candidate for the performance of any of the DAC 
functions . 

Because radio transmission operates in a broadcast mode, it is suitable 
for such functions as time-of-day meter rates, direct load control, and voltage 
control for load reduction. These applications are easily implemented with 
present frequency allocations inasmuch as the associated data-rate requirements 
are quite low. Because no response to these commands is required, transmission 
can take place in a simple), mode. 


2. Power-Line Carrier 

This communication mode consists of superimposing a carrier for data 
transmission on the 60-Hz power-transmission carrier. Power-line carrier 
communications has been used for many years on high-voltage circuits (i.e., in 
the bulk-power system) to transmit both data and voice. At the distribution 
level, however, complex attenuation and noise characteristics make it difficult 
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to ••Icct « universal ly applicable set of eyetea peroaeter*. Nevertheless, in 
recent years, several coapanies have developed PLC product lines in an atteapt 
to capitalise on the vest potential aarket for distribution-systea coaoninica- 
tions equipaent. 

The Bost vexing problea in the developnent of a PLC systea is the choice 
of carrier frequency. At low frequencies, noise levels ere high, necessitating 
large signal-injection power end low date rates. At high frequencies, attenua- 
tion is greet, leading to the need for repeaters to coaaninicete over s signifi- 
cant distance. It has been found (Reference 18) that the frequency range 3 to 
12 kHe offers the best coaproaise between these opposing factors. A relatively 
low data rate of about 60 b/s can be supported at these frequencies. 

The choice of a specific frequency in this range, end systea design 
generally, is aade difficult by the highly tiae-dependent end, in suiny cases, 
unpredictable nature of the propagation characteristics and disturbances. 
Specifically, reconfiguration of the distribution network due to switching of 
feeder sections (scheduled or unscheduled) can drastically alter the properties 
of the coanunication channels. As a result, there is no guarantee that repeat- 
ers introduced to compensate for line attenuation will be properly positioned 
following a reconfiguration. 

The carrier signal is injected into the power line via a coupling trans- 
former. It is desirable to inject the signal as close as possi’>le to the RTUs , 
to minimize attenuation. However, injection below the substation level intro- 
duces the possibility of a variable propagation distance due to feeder-network 
reconfiguration. Additionally, as mentioned earlier, it is necessary to pro- 
vide a second coanunication link to connect the signal-injection point to the 
control station. This second set of links is made more complicated by s mul- 
titude of signal-injection points. It may be concluded, therefore, that the 
distribution substation is the most logical point for signal injection. 

A single injectior. point ha. a coverage area that is limited to RTUs on 
a single feeder or, at most, a group of feeders originating at the same distri- 
bution substation. To cover an entire service area, a utility would have to 
operate many PLC systems in parallel. This requirement is also necessitated 
by the limited data-rate capability of PLC systems. 

Power-line carrier is inherently a broadcast-type of cooanunications . 
Therefore, it can perform in an efficient manner such functions as time-of-day 
meter rates, direct load control, and voltage control for load reduction. 
Power-line carrier can also perform voltage and load monitoring, as well as 
remote meter reading. There is some question, however, regarding PLC-appli- 
cability to fault detection and scheduled switching, because of possible 
disruption of communications during these events (see Reference 17). 


3. Telephone 

The switched telephone network has the virtue of providing essentially 
complete coverage and penetration of the service area of any given utility. 
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The network is also highly flaxibla» froa a configuration standpoint! 
in providing point-to-point connectivity. However t perfonaance of OAC func- 
tions (with the exception of aeter reading) via switchad circuits is virtually 
precluded by the long interrogation delay corresponding to the tiae needed to 
establish a connection. Although thia delay aay not be incoapatible with the 
required response tisM for a specific function, it nevertheless results in an 
extreaely inefficient polling procedure. 

One alternative to the switched telephone network is the estebli shaent 
of private lines to all distribution-systea points of interest. (Electric 
utilities aake extensive use of private telephone line# for data cosaxinications 
within the bulk-power systea.) However, econoaic considerations clearly limit 
the number of points to which private connections are feasible. 

Neither private lines nor switched telephone circuits can be employed in 
a broadcast mode. Therefoie, they are not suitable, in their noraal configura- 
tion, to alter meter rates or perform load-control functions. 

The technical objections to tele phone -network use c«n be largely overcome 
by paralleling the central-office switch with a scanning isatrix interfaced 
directly to customer loops on the customer side of the main distributing frame. 
This eliminates dialing delays while providing access to all telephone-connected 
sites. The rapid scan of subscriber loops, which is equivalent to a very slow- 
speed broadcast-communication mode, can be used as a vehicle for load manage- 
ment. Two-way communication is also possible with this technique, so that 
meter reading can be accomplished (although not on busy lines). 

It h .18 been suggested that telephone companies might purchase, install, 
and operate the equipment necessary for line scanning, and thereby provide 
load-management and meter-reading services to the utilities (see Reference 
20). The enthusiasm of electric utilities for this approach may be dampened 
by their reluctance to be dependent, for control-system communications, on the 
services of another type of utility. Nevertheless, a system of this type for 
access to customer sites, combined with the use of private telephone circuits 
for operational management, would be sufficient to perform all aspects of DAC. 


4. Cable Television 

CATV networks are capable of high-data-rate transmission. In addition, 
federal regulations require that all CATV networks installed in the 
100 largest U.S. markets have full duplex capability (Reference 19). There- 
fore, CATV has the potential to provide the coimunications for all DAC func- 
tions . 


The principal obstacle to reliance on CATV for distribution-system 
coomunications is the low penetration of customer sites. It would probably 
not be cost-effective to extend the coaxial-cable system to include all 
residences and commercial establishments solely to perform DAC functions. 


5 . Summary 

The capability of each communications mode to perform tbv various DAC 
functions is shown in Table 6-3 (see Reference 17). In addition to the modes 
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Table 6-3. Feasible ConBunlcations Media for Perfonlng DAC Functions 


F unc 1 1 on 

Conmunlca-^^v- 

tlons Medium 

Fault 

Detection 

(Polling) 

Voltage 
pf'd Load 
Monitoring 

Scheduled Switching, 
Fault Detection 
(Quiescent) 

Meter 

Reading 

Time-of-day 
Rates 4 Load 
Control 

Voltage 

Control 

Telephone 

(Private) 

X 

X 

X 



X 

VHF, UHF Radio 

X 

X 

X 

X 

X 

X 

CATV 

X 

X 

X 

X 

X 

X 

PLC 

(2 to 100 kHz) 


X 


X 

X 

X 

PLC 

(Audio Frequency) 





X 

X 

Telephone 

(Switched) 




X 



Telephone 

(Scanning) 




X 

X 


Broadcast AM 
Radio 





X 

X 




already diacuaaad, tha tabla raflacts tha capability to conduct load 
■anagaaant and Mtar raading with audio-fraquancy (60 to 2t000 Ha) or rippla 
PLC, or with broadcaat AM radio. Tha foraar ia widaly uaad in Buropa, but far 
laaa aatanaivaly in tha Unitad Stataai for diract load control. Tha lattar 
approach aupariapoaaa an inaudible control aignal on tha prograa aatarial of a 
coaaarcial AM radio atation. Both tachniquaa ara liaitad in data rata to 
about 1 b/a. 

Only ona aoda liatad in Tabla 6-‘)t VHP or UHP radio, haa tha capability 
to perfora all DAC functiona whila providing a high dagraa of panatration of 
the coverage area. Thia capability alao reaidea in tha coabination of private- 
line telephone and acanning telephone. On the other hand, currant utility- 
coapany intereat ia graataat in tha area of load aanagaaant, bacauaa there ia 
an inawdiata aonetary payoff in being able to reduce peak loada. Therefore, 

PLC techniquea, which allow tha utilitiea to retain control of tha coaauni- 
cation aediua, have received aore attention than other coMunication aodaa. 

Of conaiderable intereat ia a major field deaonatration of DAC fwtetiona 
under the joint aponaorahip of EPRI and the U.8. Department of Energy (DOE). 
"The demonatration conaiata of 750 metered pointa on each of five boat utility 
ayateaa. CcuBunication equipment being evaluated includea three powar-line- 
carrier ayatema, one radio ayatem, and one telephone ayatem. Bmphaaia ia on 
whether auch a two-way communication ayatem ia feaaible, and if it ia, whether 
it would be coat e' wtive. Thia four-year, $10 million program haa been 
completed and ia in the report-writing atage. Refulta ahould be available 
early in 1981" (aee Reference 7). 

EPRI ia an organisation funded by the utilitiea theaaelvea. Thia fact, 
together with the joint aponaorahip by DOE, auggeata that the demonatration 
reaulta will be very Influential in determining the future direction of DAC 
efforts . 


D. SUMMARY 

Satellite tranamiaaion can be uaed to satiofy bulk-power-ayatem conanuni- 
cation requirementa in either a primary or backup capacity (aee Table 6-4). 
Preaent C-band aatellitea, which permit multiple tranaponder acceaa by narrow- 
band carriera, are auitable for thia purpoae. The estimated price of fully 
redundant earth stations employing 4.5-m antennas (with the exception of 
the ECC earth station) ia about $74,000. The presence of an alternate coanuni- 
cation mode, which can be used to command a transponder switchover, guarantees 
that a transponder failure will produce only a momentary satellite outage. 
Switchover to a backup satellite, in the event of total satellite failure, can 
be accomplished in a matter of hours. 

Integration of DSGa into utility-company control systems will not be 
required until the 1990s, when dispersed sources of generation are expected to 
represent a non-negligible fraction of the nation's total electric-utility 
energy output. While other means of communications can be used for DSGa 
located in populous areas, satellite transmission ia a naturally preferred 
alternative for remotely located DSGa. Furthermore, the required 
coomiunications can be provided with current C-band satellites using 3-m earth 
stations. It is possible, therefore, to demonstrate DSG control by satellite 
at the present time. 
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Table 6>-4. PacCora Affactlnf Applicability of Satalllta CosBunlcatlona 


Utility 

Segment 

Time 

Period 

Role of 
Satellite 
Communications 

Present 

Satellites 

Applicable 

Now Frequency 
Allocations 
Required 

Bulk-power system 

Present 

Primary* 
or backup 

Yes 

No 

Dispersed storage 
and generation 

1990s 

Primary 

Dn:pends on 
DSC location 

« . 

Distribution 

system 

1980s 

Primary 

No 

Pot ’ 

‘Presumes existence 

of alternate 

communlcat Ions 

mode . 



Uideepread adoption of aatalllta tranamiaalon for DSC control would 
probably require the uae of non-C-band frequanclea, becauae of the difficulty 
In clearing a large nusber of aitea for C'band operation in populous areas. 

While K|j-band should present fewer coordination dlf f icultles, the pieaent 
tendency la for K^-band aystems to be operated In a wideband TDHA mode, 
which is not suited to the utility application generally. It la conceivable, 
however, for a utility (or group of utilities) to lease a narrow baud at one 
end of a K^-band transponder otherwise operated In a wideband TDMA mode. 

Present satellite technology Is also applicable to certain distribution- 
system communications, such as the DDC-to-DAC links. However, frequency co- 
ordination of C-band earth stations at the numerous DAC sites would be difficult. 
On the other hand, load management, which only requires one-way communications, 
could be exercised by the DDCs, thereby greatly reducing the frequency- 
coordination problem. 

Performance of DAC functions at sites below the substation level In most 
cases must be accomplished with Inexpensive Installations. This Is generally 
true of operational management functions. Satellite transmission to perform 
these functions would have to be conducted via a spacecraft employing a hlgh- 
galn, multiple-beam antenna subsystem. The requirements are similar to those 
for the Land Mobile Sattellte Service, for which NASA Is currently developing 
a satellite system. Presumably this new technology could also be applied to, 
or shared by, the electric utilities. Of the various FSS frequency allocations, 
S-band Is the most desirable from the standpoint of minimizing both component 
costs and the likelihood of Interference with other satellite systems. 

Satisfactory communications at S-band with small (0.3-m) ground antennas 
requires operation close to the PFD limit. The possibility of uplink 
Interference Into terrestrial microwave systems further complicates thr 
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picture. However, Che low ground-trenewieeion levels euide poesihle by the 
large satellite antenna gain could render these transaissions harmless to 
terrestrial systems. 

As an alternative to 8-band transmission, a new frequency allocation 
could be sought. Because distribution-system installations will generally be 
located in densely populated areas, sutn-made noise places a lower limit on the 
frequencies that might be coneidered. While a detailed statistical analysis 
would be required to determine this lower limit, it would seem to be about 1 GHs. 

Adoption of satellite transmission for distribution-system conmunications 
depends on Che viability of alternate conmunication modes such as radio, PLC, 
or telephone. 0^ these, PLC seems to be the preferred mode of utilities, al- 
though it must be supplemented by another mode for fault detection and scheduled 
switching. Experiments conducted under BPRI sponsorship will help to assess Che 
reliability and cost of each of these modes. Prospects for a satellite sol*;:- 
tion to distribution-system communication requirements should become clearer 
once a reasonably definitive assessment of these alternatives is available. 
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SECTION VII 


TRANSPONDER MULTIPLE ACCESS 


Tha gananl concaptt of TDMA and FOMA an dlacuuad and dia/r potant/at 
appliattion to the utility industry It ravlamd. It Is suggastad that FDMA principlas 
ba uaad to saparata tha various utllitias from ona anothar and that TDMA principlas 
ba uaad to diffarantlata batwaan stations widtin a givan utility. An axampla of TDMA 
Is praaantad togathar with a discussion of tima-slot assignmant and guard-spaca 
raquinmants. Tha half-duplax oparatlonal moda Is axamlnad and Its tachnical 
dlsadvantagas as compand to full -duplex an prasantad. 


The amount of data flowing between any pair of sites in a utility system 
is quite small. The largest point-to-point traffic is generally found in the 
bulk-power system. Average data rates on links connecting generating 'ants, 
BPSs, and switching stations of a large utility with the ECC are tyr . / 

20 kb/s, 3 kb/s, and 1 kb/s, respectively (see Reference 1). Far lu. ^ 
rates are found in the distribution system. It was shown in Section TV-D, for 
jxample, that the average data rate per DSC, based on a 2-s scan rate, it 145 
b/s. 


Because of these small point-to-point data rates, practical satellite 
link design precludes exclusive assignment of a transponder channel to an in- 
dividual pair of earth stations, except possibly for generation plant-to-ECC 
links. On the other hanu, because of the regularity with which performance 
must be monitored throughout a utility "ystem, it is reasonable to assign a 
time element of transponder capacity, at regular intervals, to transmissions 
between each pair of e.>rth stations. These considerations lead quite naturally 
to the choice of a coubined time-division-multiple-access/frequency-division- 
multiple-acc?,T!S (TDMA/FDMA) transmission format.^ 


A. TRANSPONDER CHANNELIZAIION AND NODE ASSIGNMENT 

To implement this format, the satellite transponder bandwidth (or a 
portion thereof devoted to the utility application) is divided into a number 
of separate channels, not necessarily of equal bandwidth. (This is the FDMA 
aspect). Each node of the control-system network is assigned to a specific 
rhannel for transmission. Half-duplex operation could be implemented by 
assigning each master station and the associated remote stations to the same 


^Current commercial satellites provide either 12 or 24 transponders, with 
center frequencies (for a given polarization) spaced at ‘0-MHz Intervals. 

Each transponder may be accessed by anywhere from one to roughly 1,000 
separately transmitted cariiers, depending on the point-to-poiac traffic mix, 
with each carrier occupying a separate frequency band or channel. 
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channel, i.e., poll and reaponaa oeaaagea would be tranamitted on the tame 
frequency. Pull-duplex operation, on the other hand, impliea the uae of 
aeparate channela, preauauibly of equal bandwidth, in the poll and reaponae 
directiona. Half-duplex tranaaiiaaion ia not eapecially well auited to aatel- 
lite conaninicationa , for reaaona given in Section VII-D. Therefore, the 
tr inaponder-acceaa probleoi will be deacribed in tenaa of full-duplex operation. 

For eaae of network control, nodea belonging to a coamon utility, at a 
aimilar level in the control ayatem hierarchy, ahould be aaaigned to the aame 
channel. The DACa of a particular utility provide auch an example. Trana- 
misaion over a channel to which a group of DACa haa been aaaigned could 
include poll meaaagea tranamitted by bulk-power-ayatem nodea aa well. Thia 
arrangement ia feaaible only if the link parametera (e.g., channel bandwidth 
and carrier power) are aimilar at all levela of the control network. It ia 
deairable only if the generation, tranamiaaion, and diatribution functiona are 
provided by the aame utility. Where different utilitiea are involved, 
aeparate channela ahould be uaed for the poll meaaagea. 

Converaely, to allow different utilitiea to operate aa independently aa 
poaaible, a given pair of channela ahould be dedicated to the tranamiaaiona of 
a aingle utility, wherever poaaible. Accordingly, the channel bandwidth 
aaaigned to a utility ahould be comnenaurate with the peak data rate antici- 
pated by that utility. Thia requirement preaenta no problem provided the earth 
atation equipment (preaumably manufactured •'o a common aet of apecificatiuna) 
is designed to operate over a range of data rates. 

There are practical upper and lower limits to the data rate. (Existence 
of the former will become evident in Section VIII-C.) It might be necessary, 
therefore, for a supervisory authority to coordinate the transmissions of dif- 
ferent utilitiea over a common channel, in the case of utilities with low data 
rates. On the other hand, the transmissions of a utility with a relatively 
high data rate might have to be subdivided among two or more channels. Co- 
ordination of transmission taking place on different channels in the same 
transponder, from the standpoint of frequency and bandwidth assignment, is the 
responsibility of the common carrier operating the satellite. 

A node such as a DDC, which is intermediate in the control system hier- 
archy, would be assigned to one chaunel in its capacity as a controlling sta- 
tion, and to another in its capacity as a controlled station. The two channels 
could be either paired to form a single (full-duplex) circuit or assigned to 
separate circuits, depending on the similarity of the link parameters in the 
two cases and the manner in which the utility chooses to configure its control 
network. 


B. TIME-DIVISION MULTIPLE-ACCESS FORMAT 

The discussion thus far has centered on the way in which network nodes 
are assigned to transponder channels; it has not touched on the ordering of 
transmissions within a given channel. The need to monitor data points at 
regular intervals ..s satisfied by the choice of TDMA as a means of sharing the 
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channel bandwidth. In the polling direction, each uatar station is assigned 
a time slot within the TDMA frame (Figure 7-1). In the response direction, a 
similar interval is assigned to the associated remote stations. 

As an example, the frame period for bu!k~power-syst«a control is taken 
as 2 s, which is the shortest update interval required for any of the 
monitored ^-oints. Within its assigned time slot, a bulk-power-system master 
station r>olls each RTU under its control, indicating which points it wants 
read out. (In a centralised control aystem, there is a single master station, 
namely, the ECC.) This set of points includes all analog values and control 
indicators requiring 2-s sampling, as well as a certain fraction of the points 
sampled at longer intervals. For example, those points requiring 10-s 
sampling are divided into five groups of 4qual sise, which are polled 
sequentially. Thus, a given group is polled every fifth frame, or at 10-s 
intervals. The sets of points to be sampled in different frames aie numeri- 
cally coded ao that they can be represented by a reasonable number of bits in 
the poll message. 

In the illustrative poll/response siessage sequence in Figure 7-1, the 
RTU responses are generally longer than the poll messages, which are identical 
in length. Because it is assumed that each response is triggered by the as- 
sociated poll message, the poll messages must be delayed by varying amounts to 
avoid having Che responses overlap. These delays are indicated by the cross- 
hatched areas. During these intervals the master station transmits a pre- 
arranged sequence to maintain burst continuity. 

The time slot assigned to each master station and its associated remote 
stations must be long enough to accommodate either the normal complement of 
sampled points or the monitor and control actions that might be required 
during nonstandard or emergency conditions. For a given frame period, there 
is clearly an intimate relationship among the maximum number of master/remote 
station groups that can be accommodated on a single channel, the number of 
bits required in the poll and response directions per station group, and the 
channel bandwidth. Barring practical considerations that dictate otherwise 
(see Section VIII-C), the channel bandwidth should be chosen large enough to 
accommodate, for a significant future period, all master/remote station groups 
that are on a similar level in the control system hierarchy. In this way, the 
need for frequent channel reassignment can be avoided. 


C. SLOT ASSIGNMENT AND TIMING CONSIDERATIONS 

Coordination of slot timing for the master/remote station groups sharing 
a particular channel pair is the responsibility of a designated control 
station (DCS). This station might be identical to one of the master stations 
using the channel , or it could be a station at a higher level in the 
control-system hierarchy. If all of a utility's satellite communications are 
being conducted over the channel pair, the ECC would be a logical choice for 
the DCSn If the DCS is not one of the master stations assigned to the polling 
channel, a special time slot would be reserved for its use. 
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Initial assignment of tiaa slots by the DCS is based on current needs of 
the various Bsster/rsmote station groups. The unused portion of the frame can 
either be held in reserve as a single undivided time slot, or it can be sub- 
divided into extensions of the time slots assigned to different station groups. 
In either case, as the date-rate requirements of the station groups increase 
over time, reassignment of the time slota will become necessary, until even- 
tually the capacity of the channel pair is exhausted. 

When additional channel capacity (i.e., a longer time slot) is required 
by a station group, the suister station auikes an appropriate request of the 
DCS. This request is made during a portion of the polling time slot reserved 
for administrative purposes. In granting such a request, the DCS has to shift 
the time slots assigned to other master/remote station groups so that they 
remain nonoverlapping. After the new slot assignments have been transmitted 
by the DCS and acknowledged by the master stations, an execute command by the 
DCS designates the frame in which the new assignments are to become effective. 

The timing information transmitted by the DC? indicates to each master 
station the position of its time slot relative to the start of the TDHA frame. 
Absolute frame timing must be Acquired directly from the signal transmitted by 
th i DC?, rather than frog, tha binary-encoded information it represents. By 
assignii>g the DCS the fir.«t time slot of each frame, the DCS transmission can 
serve as a timing reference for all subsequent master-station transmissions. 

There are various ways 'o initially position a master-station "burst" in 
the TDMA frame, in accordance with an assigned time slot. Once this position- 
ing is accomplished, the burst position must be maintained to a specified 
level of precision. Thebe two processes, termed acquisition and synchroniza- 
tion (Reference 20), can performed in a closed-loop manner if each master 
s* .tion is in a position to receive its own transmissions. It is only neces- 
sary, in this situation, for a station to compare the time of reception of its 
own burst with that of the reference burst, and then make any necessary cor- 
rection. 

The requirement that a master statior. be capable of receiving its own 
transmissions will automatically be satisfied if a single satellite beam 
covers the region of interest. The requirement will also be satisfied, for a 
multibeam satellite, under the condition that master-station transmissions 
over a particular transponder channel are received on the same satellite beam 
used to repeat the transmissions to the associated remote stations. 

Closed-loop burst positioning implies a fairly complex control process. 
However, the relatively long frame period of 2 s permits open-loop frame 
acquisition and synchronization to be performed with little loss of frame 
efficiency. In this procedure, a master station uses knowled|e of the distance 
to the satellite to appropriately position its transmissions relative to the 
received reference bursts from the DCS. In so doing, it is normally necessary 
to account for the variaton in propagation time due to satellite motion. How- 
ever, because of the long frame period, timing of master-station transmissions 
can be based on the mean satellite distance without necessitating excessively 
long guard times between bursts. 
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To understand the justification for this procedure, consider the 
variation in round-trip propagation tiae anticipated for Intelsat V, which is 
1.1 as (see Reference 20). If half this auch extra guard tiae is allowed 

between the reference burst and both the iaaediately followikig burst and the 

imediately preceding burst (i.e., the last burst of the preceding fraae), no 
overlap with the reference burst will occur as a result of satellite aotion. 

The extra guard tiae needed between all other pairs of bursts is isuch smaller, 
because only the difference in departure from the mean satellite distance 
between stations is significant. For example, if there are 20 aaster stations 
per channel and the extra guard tisw per station pair is taken as 0.1 as, the 

total extra guard tiae required per fraae is about 3 as, or 0.152 of the 

bulk-power-system fr«ae period. 

There will generally be many aore reaote stations sharing the response 
channel than aaster stations sharing the poll channel. Bach remote-station 
burst must also be guaranteed not to overlap either of the adjacent trans- 
missions. The absence of overlaps is readily achieved if each response from a 
remote station is triggered by the associated poll message. The required guard 
time between adjacent bursts triggered by the same master station is then 
related to the instantaneous difference in distance from the corresponding 
remote stations to the satellite. This differential distance will be quite 
small, especially if the stations involved are in relatively close proximity. 
This will normally be the case for remote stations controlled by the same 
master station. 


D. HALF -DUPLEX OPERATION 

It will be assumed that the remote-station responses in a half-duplex 
transmission system are triggered by the corresponding poll messages, as in 
the full-duplex mode. An associated poll/response message pair will therefore 
arrive at the satellite separated by about 270 ms. As a result, efficient use 
of a satellite channel requires that the poll and response transmissions 
assume the general time pattern depicted in Figure 7-2. For a transmission 
rate of 10 kb/s, for example, each contiguous set of poll or response messages 
comprises about 2700 bits. 

The need to alternate poll and response segments in this manner results 
in a fragmentation of the basic frame structure. In general, it is necessary 
either to leave unused a portion of each poll segment (and, consequently, the 
corresponding response segment) or to divide the transmission of a master 
station (and those of the associated remote stations) between the end of one 
segment and the beginning of the following segment. The latter alternative Is 
depicted in Figure 7-2. Although half-duplex operation does simplify the 
earth-station design somewhat, on balance, it does not seem worthwhile to 
incur the associated operational complexity. An opposite conclusion could be 
reached, however, should it be necessary to make the satellite transmission 
compatible with an alternate means of communication!, (see Section VI-B-1). 
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SECTION VIII 


USE Of CURRENT C-BAMD SATELLITES 


G»ntn! contidtntloni nl»tlv» to tho um of cumnt C-band utofHte* an d/tcutaad 
and link budgatt for up and down diractiont an praaantad. A 3-m aarthstatlon antanna, 
not praaantfy approvad by tha FCC, and tha Wattar / utafUta wan uaad to davafop tha 
budgata. WhUa tha uplink parformmca with a 1-W HPA It /non than adaquata; a 3. 7-dB 
thort fall oocurt on tha downlink. An approach tuggaatad to ovarcoma thit daficit 
raquiraa an Incnaaa In tnntmittar powar to about B W. Intarfaranca with othar tatalUtat, 
uting tha abova notad tyttam attumptlont, aaamt to ba managaabla with propar 
coordination, m/an If tatalllta orbital spacing It raducad In tha futun to 3 dag. 
Bulk-powarayttam communicatlont using tha currently approvad 4.S-m antannat pratant 
a latter intarfannea problem. Repnsantatlva aarth-ttatlon cost attimatas an than 
developed. The estimate for a fully redundant, 4.S-m station for bulk-power system 
applications Is S74K. Tha estimate for a non-ndundant, 3-m station for the distribution 
system It $32 K. 


It is possible t*? satisfy all bulk-power-system and some distribution- 
system coosunication requirements using existing C-band satellites , together 
with modestly sized earth stations. Earth stations are often characterized by 
their "figure of merit" or G/T. In recent years, C-band solid-state receiver 
technology has improved to th'j point where the "T" in the figure of merit is 
within 2 dB of the performance attainable with uncooled parametric amplifiers. 
Costs of solid-state receivers have also fallen dramatically. It is more 
appropriate, therefore, to focus attention on the earth-station antenna size 
since, apart from its effect on system performance, space limitations may 
dictate the maximum antenna size that can be employed in many utility-company 
applications . 

An antenna diameter of 4.5 m will be assumed for all bulk-power- 
system applications. This diameter is a standard size frequently used with 
current C-band satellites. Moreover, in size as well as cost, a 4.5-m antenna 
is compatible with installation at a generation plant, BPS, or switching 
station. Because of the relatively modest EIRP (34 dBW/ transponder at 
saturation) currently available from C-band satellites providing CONUS 
coverage, some form of coding for error correction must be employed to orovide 
digital communications of adequate quality. Simply stated, coding provides a 
means of exhanging an increase in bandwidth for a reduction in required signal 
power . 


The antenna size is likely to be far more restricted in distribution- 
system applications than it is in the bulk-power system. A 3-m antenna has 
been selected for distribution-uystem use, largely because it is felt that 
this size will be compatible with most DSC and distribution-substation instal- 
lations. A 3-m antenna requirement would undoubtedly preclude the use of 
satellites at many other distribution-system sites. It should be recognized, 
however, that FCC approval has not yet been granted for C-band transmission 
with antennas smaller in diameter than 4.5 m. Moreover, the tendency to 
reduce satellite orbital spacing to maximize the comnunicatiun capacity of the 
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geo* tar ionary arc will auk* approval of i-m coanunicationa more difficult in 
the futute. For thaae reaaon*i it ia felt that a 3-« antenna repreaenta 
a good coaiproaiae between [^yaical aiae and the requlreaent for regulatory 
approval . 

The aatellite downlink with a 3-m antenna auffera froai a aevere power 
ahortage. Thia ahortaga can be partially overcone through the uae of 
error-correcting code*. The reaaining power ahortfall can be aade up by 
reducing the occupied bandwidth of the tranaponder and, in the proceaa, 
aaaigning each carrier an increaaed ahare of the tranaponder BIRP. However, a 
aecond problem may be created, namely, the need for a relatively large power 
amplifier to produce the required uplink BIRP. Theae related problem* can be 
underatood through an examination of uplink and downlink power budget* for a 
typical coanunication link. 


A. DOWNLINK CONSIDERATIONS 

The link budget of Table 8-1 ia baaed on the parameter* of a CONUS- 
coverage aatellite, in the form of Weatar I. The tranaponder ia aauumed to be 
filled with equal-power, uniformly apaced carrier*, each with a noiae band- 
width of 10 kHz. Thia bandwidth la merely repreaentative; the data rate, and 
conaequently the carrier bandwidth, will aubaequencl, - be treated aa a para- 
meter of the ayatem deaign. Should there be a mix ot carriera aharing the 
tranaponder, relating to different applications, the assumption is that each 
utility carrier would be assigned the same fractional tranaponder power as in 
the uniform-carrier case of Table 8-1 { and furthermore, that the frequencies 
of the other carriers and the power assigned to them would leave the intermod- 
ulation power falling on the utility carriets unchanged. 

The system carrier-to-noise ratio (C/N) requirements are based on the 
use of binary phase-shift-keyed (PSK) modulation. The energy per bit/noise 
power density (E(,/Nq) requirement, together with conversion to an equiva- 
lent C/N value, is explained in Note 6 to Table 8-1. 

To overcome the downlink power shortage, rate 1/2 convolutional coding, 
coupled with threshold decoding, has been introduced. This results in a 3-dB 
reduction in the Eg/N^ requirement at a bit error rate (BEK) of 10“®.^ 

There remains, however, a 3.7-dB deficit in the thermal component of C/N for a 
3-m station, as can be seen from the bottom line of Table 8-1. There is 
essentially zero thermal margin (i.e., just adequace signal power) in the case 
of a 4.5-meter earth station. 

In both cases, the portion of the transponder EIRP allocated to each 
carrier is equal to the fractional transponder bandwidth occupied (10 kHz/30 MHz). 
The (C/N)(l^gj^gj deficit of 3.7 dB in the case of a 3-m antenna may be 
regarded as a power shortfall on either the uplink or the downlink, becaus-. .n 


^An additional 2-dB red ;tion in required Eg/N^ could be realized through 
adoption of soft-decision Viterbi decoding; however, the simpler implementa- 
tion has been selected because of the desire to minimize earth-station costs, 
especially in the 3-m case. 
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T«bi« 8-1. RaprasanCAtiv* (4 GHs) Downlink for WaaCar Satallita 



NoCaa 

Antenna 
3 m 

Diamatar 

4.5 m 

(1) 

Sacellite EIRP (dBW) 

34.0 


(2) 

Trantpondar backoff (dB) 

-4.0 


(3) 

Mulcicarrier powar diviaion (dB) 

-34.8 



EIRP/carrier (dBV) 

-4.8 

-4.8 


Spare loaa (dB) 

-196.0 

-196.0 


Receive antenna gain (dB) 

39.7 

43.2 


Received carrier power (dBW) 

-161.1 

-157.6 

(4) 

Receive-aystem noiae temperature (dB-K) 

21.8 

21.8 


Boltzmann's constant (dB(WK'~^Hz~M) 

-228.6 

-228.6 


Noiae bandwidth (dB-Hz) 

40.0 

40.0 


Received noiae power (dBW) 

-166.8 

-166.8 


Dovmlink C/N (dB) 

5.7 

9.2 

(5) 

Uplink C/N (dB) 

22.4 

22.4 


<C/N)thermal achie.ed (dB) 

5.6 

9.0 

(6) 

System C/N required 

8.0 

8.0 

(7) 

C/IM (dB) 

14.0 

14.0 

(8) 

(C/N)thermal squired (dB) 

9.3 

9.3 


<C/N)chermal achieved (dB) 

5.6 

9.0 


^C/N)thenaal <*eficit (dfl) 

3.7 

0.3 
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Not«s for Table 8-1 


<1) Mlnlmun BIRP over CONUS for aingla-carriar , aaturatad-tranapondar 
operation. 

(2) Dacraase in total carrier power with aulticarriar operation, 
raaulting froa tha need to "back off" tha tranapondar to linit the 
magnitude of intarmodulation producta. 

(3) Baaed on a aingla-carriar noiae bandwidth of 10 kHa, a uaaful 
tranaponder bandwidth (for multicarriar operation) of 30 MHe, and 
a uniform power diviaion par unit bandwidth. 

(4) Aaaumea the uaa of a aolid-atata low-noiaa amplifier with a noiae 
temperature of 120 K. 

(5) Taken from Table 8-2. 

(6) A poat-decoding BER of 10~^ haa been aelected for the control- 
ayatem coaaunication linka. With a meaaage length typically in 
the range of 100-300 bita, a fraction of the meaaagea aomewhat in 

t exceaa of I0~" will contain residual errors. (These errors sre 

' detected by a BCH code incorporated in the standard message 

; format . ) 

I 

I The theoretical E^/Ng requirement to achieve a BER of 10*^, 

I in the absence of coding, is 10.5 dB. An implementation margin of 

I 2.5 dB will be ajiaumed, thereby making the required B|,/Nq 

equal to 13.0 dB. A coding gain (i.e., reduction in required 
Eb/No) of 3 dB results from the use of a rate 1/2 convolutional 
^ code in combination with threshold decoding (Reference 23). This 

reduces the E^/N^ requirement to 10.0 dB. 

> The predetection bandwidth is taken as 1.25 times the transmitted 

I symbol rate. In addition, the transmitted symbol rate is twice 

the data rate for rate 1/2 coding. Consequently, the C/N require- 
. ment corresponding to an Ej^/N^ of 10 dB is 6 dB. To this is 

^ added a system margin of 2 dB, which also serves as protection 

) against outside interference, either from other satellite systems 

or from terrestrial microwave transmissions. The design value for 
the system C/N is therefore 8 dB. 

(7) This is the carrier-to-intermodulation power ratio at the center 
of a transponder loaded with equal~power, uniferaly spaced 
carriers, operating at an output backoff of 4 dB. 

(8) Obtained from the relation 

[system C/n]'^ - [c/Im]'^ ♦ [(C/N)thermal] 


incrcMc in the allocatad IIIP par earriar %Kll laad to an iaprovaiMnt in up- 
link and doimlink C/N valuaa by eha aaaM factor. 

Whila cartain antriaa in Tabla 6-1 (apaea loaa and antonna gain) dapand 
on fraquancy, eha racaivad aignal powar ia eoaplataly datarsinad onca eha 
•atallita EIRP and eha aareh-atation antanna dia«atar ara apaeifiad. In othar 
words, eha fraquancy factors in tha spaca-loss and racaiva-antanna-gain tanas 
ara axactly offsatting. It ia poaaibla, tharafora, to dariva a condition, 
based on eha antrias in Tabla 8-1, that anist ba satiafiad if tha downlink 
signal quality is to ba adaquata and which is valid for any downlink fraquancy . 

Attention is focused on the signal powar and noisa powar in the fraquancy 
band occupied by an individual carrier. However, only tha factors regarded as 
variables ara included. This approach leads to the following ralationshipt 


EIRP ♦ d^ - T - B ♦ CC ♦ BWX > -A7.4 ♦ L 


( 1 ) 


where 


EIRP ■ satellite EIRP par carrier (dBW) 

= square of earth-station antenna diameter (dB-m^) 

T “ earth-station receive-system noise temperature (dB-D 
B " carrier noise bandwidth (dBHlz) 

CG ■ coding gain (dB) 

BWX “ bandwidth expansion factor due to coding («1B) 

L “ other propagation factors (i.e., rain attenuation plus excess 
receive-system noise temperature, polarisation loss, multipath 
fading, etc.) (dB) 

The right-hand side of the above equation was obtained by substituting the 
Table 8-1 values for the left-hand-side quantities, adding the indicate 

deficit, and making provision for any non-free-space propagation 

effects . 

't is apparent from Equation (1) that, if the earth-station parameters 
(d and T) and the coding parameters are fixed, the only possibility for 
improving the link performance is to increase the EIRP per unit bandwidth. 

For a given ttatellite, this increase can be accomplished by loading the 
transponder with fewer carriers and assigning each carrier a correspondingly 
.arger share of the transponder EIRP. For example f to make up the 3.7-dB 
downlink deficit with a 3-m antenna, it is necessary to allocate 3.7 dB 
additional EIRP to each carrier, relative to the value that would be assigned 
based on a uniform distribution of EIRP with bandwidth. Increasing the EIRP 
per carrier in this manner results in a larger earth-station transmitter 
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r«quir«MnC. This aapcce of th« ayatM daaign will ba eonaidarad onea eha 
tranMittar raqulraaanta corraapoad ‘ ug to tha earriar aiaing in Tabla 8-1 hava 
baan aatabliahad. 


B. UPLINK CON8IDIRATION8 

An uplink powar budgat ahieh ia conaiatant with eha downlink powar budgae 
of Tabla 8-1 ia ahown in Tabla 8-2. lu thia caaa» eha raeaivad earriar powar ia 
a givan quaneiey (aaa Noea 1), wieh eha raquirad eranaaieear powar a darivad 
quaneiey. Aa poinead oue in Noea 3> eha HPA raeing ahould ba aboue 3 dB highar 
ehan eha indicaead eranaaieear powar in Tabla 8-2. Wieh a 3'iB aneanna, 
eharafora, a 1-W aaplifiar ia aora ehan adaquaea eo provida eha indicaead 
carrier powar ae eha erank?ondar inpue. Aa haa baan aaan froa Tabla 8-1, how- 
ever , eha corraaponding ouepue powar ia inaufficiane (by 3.7 dB) eo provide eha 
raquir^id downlink aignal qualiey. 

le ia daairabla co develop a general ralaeionahip ehae mae be aatiafied 
by Che uplink powar variablee, aa waa done previoualy for eha downlink 
variablea. In ehia caaa, aeeaneion will ba focuaad on carrier power direcely, 
raeher ehan on recai/od aignal qualiey (C/N). The raaaon for ehia focua ia ehae 
a cerCain level of carrier power wuae be realiaad ae eha aaeelliea aneenna 
eerminala, relative Co Che power required to aaCurate the tranaponder » to 
produce the deaired downlink BIRP. It uiay ba aaaumed that the aatellite 
designer will have chosen the input saCuration level, in conjunction with the 
receiver noise figure, to provide adequate uplink signal qualiey for any 
reasonable application. 

Aa before, only Che quantities regarded as variables are considered. 
Accordingly, Che following condition can be placed on the earCh-termivial aid 
aatellice-repeater parameters: 

P^ ♦ d2 ♦ - Pg - B > 87.7 ♦ L (2) 


where 

Pf " earch-atacion transmitter power (dBW) 

9 9 

d " aquA'/e of earth-station antenna diameter (dB-m^) 

Gg ■ minimum satellite receive aneenna gain (dB) 

Pg ■ transponder input saturation power (dBW) 

B “ carrier noise bandwidth (dB-Ha) 

L “ non-free-space propagation losses (dB) 

The right-hand side of Equation (2) was obtained through substitution of 
values from Table 8-2, addition of the indicated (C/N)^.|,^y„g| deficit, and 
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Tabu 4-2. Repreaantativa (6 GHa) Uplink for Waatcr Satellite 



Notes 

Antenna 
3 m 

Diameter 
4.5 m 

(1) 

Earth-station transmitter power (dBW) 

-4.5 

-8.0 


Transmit antenna gain (dB) 

43.2 

46.7 


EIRP (dBW) 

38.7 

38.7 


Space loss (dB) 

199.5 


(2) 

Receive antenna gain (dB) 

27.0 


(3) 

Received carrier power (dBW) 

-133.8 


(4) 

Receive-system noise temperature (dB-K) 

32.4 



Boltzmann's constant (dB(WK~^Hz~^)) 

-228.6 



Noise bandwidth (dB-He) 

40.0 



Received noise power (dBW) 

-156.2 



Uplink (C/N) 

22.4 


Notes for Table 8-2 


(1) The HPA rating should be about 3 dB greater to allow for backed-off 
operation, ('he HPA is asauaed to be mounted at the antenna termi- 
nals, so that no transmission-line losses need be incurred.) 

(2) Minimum value for CONUS coverage. 

(3) Corresponds to a t . insponder input backoff of 7 dB (which is 
required to produce an output backoff of 4 dB, for multicarrier 
operation of a typical TWT amplifier) and division of the 
corresponding receiver input power (-99 dBW) into uniform 10-kHz 
increments. 

(4) This noise tesiperature is c’>«racteristic of early, but still 
operational, Westar satellites. The receiver on Hestar IV, cur- 
rently in production, has a noise-figure specification which is 

4 dB lower. Consequently, the same uplink C/N value (22.4 dB) can 
be achieved with 4-dB lower carrier power. However, because the 
".ransponder input saturation level has been reduced by only 2 dB, 
the decrease in uplink carrier power must be limited to a similar 
amount, if no degradation in downlink C/N is to result. 


inclusion of a ceni for additional propagation loaaas. For Pgi tha Waatar I 
valua of -92 dBW haa baan uaad. Although a C(NlU8-covaraga baaai will alvays 
have a ainiMa gain of about 27 dB» ineluaion of tha Gg tana allova for 
highar gains achievad through tha uaa of apot baaas. For Equation (2) t' ba 
valid at any fraquancy, tha aarth-atotion antenna aa’.st ba raproManted bj a 
tera proportional to its area, tathar than by its gain. 

Currant satallitas uaa travaling-wava-tube (TWT) final amplifiers, all 
of which have similar tranafar charactaristics (i.a., output versus input 
backoff), regardless of tha saturation output power level. Therefore, 
Equations (1) and (2), which are based on corresponding values of input and 
output backoff (7 dB and A dB, respectively) for onilticarrier operation, 
constitute a consistent pair of conditions for any TWT final amplifier. The 
numerical values in these equations will vary somewhat if system consider- 
ations dictate a different operating point. In addition, the transfer charac- 
terik'tics of the transponder will be somewhat different, should solid-state 
amplifiers replace the TWT amplifiers presently in use. Despit' these 
qualifications. Equations (1) and (2) provide a reliable rough guide to the 
satellite and earth-station parameter values required to establish 
cosmunications of satisfactory quality. 


C. CHANNEL DATA RATE 

It is appropriate at this point to consider the question of assigning 
each carrier a disproportionate share of transponder EIRP relative to the 
fractional bandwidth it occupies. With the satellite paramet'srs previously 
assumed, this assignment is the only means of overcoming the (*C/^)thermal 
deficit exhibited in Table 8-1 for a 3-m earth station. Although the choice 
of a 10-kHa carrier noise bandwidth was arbitrary, the deficit 

would be the same for any other bandwidth. 

The required uplink transmitter power, on the other hand, is directly 
proportional to the carrier noise bandwidth, as well as to the downlink EIRP 
per unit bandwidth. There will generally be an upper limit placed on the 
transmitter power by either technology or cost considerations. It may be 
necessary, therefore, to reduce the carrier noise bandwidth, through a reduc- 
tion in data rate, as the downlink EIRP per unit bandwidth is increased. 

The power rating of an HPA just capable of making up the (C/N)^h,^^,^ 
deficit of 3.7 dB is shown in Figure 8-1 as a functior: of the channel data 
rate. For this purpose, the data rate has been taken as 0.4 time* the carrier 
noise bandwidth (see Note 6 to Table 8-1). In addition to the nominal trans- 
ponder input saturation power of -92 dBW used in Table 8-2, two lower values 
are considered in Figure 8-1. Because of recently improved satellite receivsr 
noise figures, the input sacure'’*on levol on soon-to-be-launched satellites 
can be reduced without sacrifiv.ng uplink signal quality (see Note 4 to Table 
8-2). It should also be recognised that the satellite receive antenna gain 
listed in Table 8-2 is a minimum value over CONUS. Where the gain is actually 
higher, a corresponding reduction in transmitter power is possible. 
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Figure 8-1. Barth-Station Transmitter Requirements with 3-m Antenna 






In coaputlng th« potrar raqulraaents illustratad In Figure 8-1, no 
laprovMicitt In the C/IM ratio wee aaetmad aa a reault of the Increaaed power 
par carrier. Bacauee the power In each carrier auat be Increaaed by 3.7 dB to 
aake up the deficit of like aaount, there la only enough power 

par tranaponder to aupport 43X of the nuaber of c«irrlera paraitted by the 
tranapondar bandwidth. If theae carrlera are unlforaly apaced In frequency, 
the C/IM ratio will In fact be unchanged. On the other hand. If the fre- 
quenclea to be occupied are aalected In a randoa aannar, the C/IM ratloa for 
tha occupied frequency a lota will typically be reduced by 3.7 dB. Thia C/IM 
reduction my be treated aa an additional laargln to guard againat a altuatlon 
In which dlaalallar carrlera, occupying tha aaae tranaponder and repreaentlng 
other aervlcea, generate larger-than-antlclpated Interaodulatlon producta. 

Preaently, aanufacturera of aolld-atate ampllfiera at 6 GHe are producing 
unite rated froa a couple of watta up to (In one or two caaea) 10 W. A S-W 
rating will be taken aa rrpraaentatlve of ampllfiera that will be readily 
available In the next few yeara, at prlcea that will not algnlf Icantly Impact 
the coat of a 3-m earth atatlon. Prom Figure 8-1 it la aeen that, with 
current operational aatellltea (Po “ -92 dBU), a 3-W amplifier la conaiatent 
with a channel data rate of 12 kb/a. With Ueatar IV, on the other hand, which 
will have an Input aaturatlon level of -94 dBW, a data rate of 19 kb/a could 
be aupported. The latter figure la eaaentlally equal to the 20-kb/a 
compoalte DSC polling rate projected for a large utility In the year 2000. 


D. INTERFERENCE WITH OTHER SATELLITE SYSTEMS 

Interference may be Injected Into other satellite systems on either the 
uplink or the downlink. There Is the potential for excessive uplink Inter- 
ference because of the small (3-m) antennas suggested for distribution-system 
use. Antenna sldelobe gain tends to be Invariant to the antenna diameter. 

For example, the CCIR recommended sldelobe pattern, 32 - 23 log 6, Is 
Independent of antenna else for antenna d ameters greater than D/X - 100. To 
satisfy a fixed on-axls EIRP requirement, the transmitter power must be 
Increased as the diameter, and hen.-.e the on-:::i<* gain. Is decreased. The EIRP 
In a particular off-axis direction, therefore, must Increase as the antenna 
size Is reduced. 

Use of a 3-m antenna with a Westar satellite would require that a 
coordination procedure be Initiated with the operators of satellite systens 
that could be adversely affected. This procedure Is necessary because the 
original Western Union filing with the FCC did not provide for transmission 
with antennas of this size. Failure to reach agreement on a set of operating 
conditions satisfactory to all parties would. In all likelihood, preclude FCC 
approval for the proposed satellite links. ^ 

In evaluating a new application, the FCC Is likely to consider a 
proposed CCIR Recommendation setting limits on the permissible values of 
uplink EIRP (Reference 22). According to the proposed Recommendation, earth 
stations transmitting at 6 GHz shall be limited In their emissions as follows: 


^Private communication with R.G. Gould, Telecommunications Systems, Inc. 


Maxima BIRP 


Angla Off-Axla 

7.5 dag > 6 48 dag (35 - 25 log0) dBW/4 kHx 

48 dag > e 180 dag -7 dBH/4 Mis 

Attantlon will ba focuaad on cha cloaaat pair of aatallitaa, for a ainlaua 
eatallita apaclng of 3 dag along tha gaoatatlonary arc. Tha aaxlaua parala- 
aibla BIRP In any 4-kHx band. In Cha diraction of auch an adjacant aatelllte, 
la 23 dBW. 

The on-axia gain of a 3-m antenna at 6 GHz la 43 dB. Let Gp(o{) repreaent 
the antenna gain In dB, ralativa to the on-axla gain. In a direction oc deg 
off-axis. In addition, let Pf be Cha tranaalttar power In dBW. Tha 
condition to be aatlafled la Chen 

43 + G,(3) + P^ < 23 (3) 

Note that Pf la Che total trananltter power, rather than the power par 4 kHz. 
The reaaon la that, regardlaea of the data rate, and chua the occupied band- 
width, the carrler-acqulalClon portion of the preamble la aboumed to be trana- 
mltted as an unmodulated carrier. During thla Interval, therefore, the full 
tranamlcter power la concentrated In an extremely narrow band. 

In Figure 8-1, the HPA rating correapondlng to Che maximum permlaalble 
transmitter power la Indicated for relative sldelobe gains of -23 dB and 
-25 dB. The latter value permits use of an HPA rated at 6.3 U, corresponding 
to a data rate of 15.2 kb/s, with Pg •• -92 dBW. In a study of a large 
number of exlstl'.ig small antennas (Reference 23), Janky et al., found that the 
oi^f-axls gain was upper-bounded In nearly all cases by the expression, 

6 -f 30 log(Q/Qf^) dB, where Is the off-axis angle and 0q is the half-power 
beamwldth. The half-power beamwldth of a 3-m antenna at 6 GHz la 1.2 deg. At 
an angle of 3 deg off-axis, therefore, virtually any commercially available 
3-m antenna will have a gain of at most 18 dB. This gain Is equivalent to a 
relative gain of -25 dB, because the on-axls gain at 6 GHz is 43 dB. 

On the other hand, some of the antennas examined had sldelobe gains as 
much as 10 dB below that given by the upper-bound expression. It Is not 
pcsslble, from the data presented, to associate specific autennas with quoted 
performance levels. However, "no correlation was found between sldelobe 
performance and antenna cost on the one hand or between sldelobe performance 
and antenna size (In wavelengths) on the other" (see Reference 23). 

In general, no attempt was made at sldelobe suppression In the design of 
the antennas examined. A reduction in sldelobe level can be achieved by 
increasing the taper of the feed pattern across the aperture of the reflector. 
Specific sldelobe-reduction results using the tapered-lllumlnatlon technique 
are cited by Yokol, et al (Reference 24). The measured radiation pattern of 
an of f set-Gregorlan antenna waa found to have a sldelobe envelope bounded by 
the expression, 32 - 40 log Q dB. In particular, the peak of the seconi' side- 


lobe, which corresponds to a direction 3 deg off-axis for a 3-a antenna at 
6 GHs, was 34 dB balow the on-axis gain. Siailar parforaance iu reported for 
an off set-Cassegrain antenna. 

It is evident frosi the preceding discussion that -25 dB, and perhaps 
several dB lower, sidelobe perfomance (for the second sidelobe) is routinely 
attainable. Relative gains balow -30 dB, although attainable, generally 
require sosm fora of sidelobe suppression. These lower gains should not be 
necessary for the present application, because a ralative gain of -25 dB 
peraits the use of an HPA rated at 6.3 W, s.;cording to the proposed CCIR 
Rec oomend a t i on . 

The adequacy of the interference criterion set forth by this proposed 
Recosssendation can be assessed as follows. The earth-station EIRP needed to 
saturate a current C-band transponder is about 84 dBW. If the oaxiaua level 
of interference, stated for a 4-kHB band, were aaintained across the full 
transponder bandwidth of 30 MHs, the carr ier-to-interference ratio (C/l) at 
saturation would be 84 - 23 - 10 log (30 x 10°/4 x iO^) " 22.2 dB. (Iden- 
tical satellite antenna gain in the directions of desired and interfering 
earth stations has been assumed.) An equal a>/x>unt of interference could, in 
principle, be received from the other adjacent satellite, thereby reducing C/I 
to 19.2 dB. If, in addition, the interfered-with transponder is operated in a 
iT'ilticarrier, backed-off fashion, C/I would be lower by an amount corresponding 
to the input backoff. Clearly, the proposed Rccomendation does not provide 
adequate protection from adjacent-satellite-system interference under an 
arbitrar .ly chosen set of operating conditions. 

The permissible level of interference (per 4 kHs) in a specific situation 
depends on the total power and spectral characteristics of the signals involved. 
Certainly, one or several narrowband carriers will not interfere significantly 
with a wideband TV or FIM/FM telephony carrier, provided the remaining carriers 
in the interfering transponder present a considerably lower interference pro- 
file. On the other hand, single-channel-per-carr ier (SCPC) transmissions in 
an adjacent satellite would be especially vulnerable to interference of the 
type described, because of their narrow bandwidth. 

The variable effect of interference from a set of narrowband utility 
carriers demonstrates the need for coordination with the administration of 
adjacent satellite systems. Although the proposed CCIR Recomnendation has 
been used as a guide in determining permissible levels of interference, as 
much margin as possible should be built into this aspect of the system design. 

As an illustration of the ««ignif icance of carrier bandwidth on potential 
interference into an adjacent satellite system, American Satellite Corporation 
(ASC) is planning to petition the FCC in early 1981 to permit duplex trans- 
mission with Uestar satellites using 3-m earth-station antennas. With the 
present 4 deg-spac '.ng of C-band satellites, ASC will request permission to 
transmit at data rates up to 56 kb/s. If the minimum satellite spacing is 
reduced (by the FCC) to 3 deg, a lo%wr maximum data rate will be requested.^ 

The plans of ASC reinforce the idea thr v 3-m earth stations can be combined 


^Private comnunication with ASC. 
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with current C-band ■atellitei for distrlbutioA-systMi coMin ice t ions, •■p«c- 
ially if the channol data rata ia raatrictad to 20 kb/s. 

Bulk~powar**systa« eoaaunications with antannaa prasants a lasear 

intarfaranea problaa, baeausa tha additional 3.S dB of on-axis gain raducas by 
a similar amount tha transmitter potrar needed to produce a specified o.i-axis 
EIRP. The reduced transmitter power results in a smaller off-axis BIRP. 


E. EARTH-STATION PRICES 

Two dit'feranc earth-ststion anrenna sieas have bean suggested for 
opevstion with C-band satallitast 4.S m for bul k-powar-systam operations and 
3 m for distribution-system applications ('.nelucing DSGs). Because of the 
extreaw reliability required in the bulk-power systemf complete redundancy 
(with the exception of the antenna) is assumed for the 4.3'eMter stations. The 
3-m statione, on the other hand, can be auide nonredundant . 

Component prices for an operational station of each type are given in 
Tible 8-3. These should be regarded as elements of the price that would be 
paid to an earth-station integrator, rather than prices of component sunu- 


Table 8-3. Earth-Station Price Estimates ($K) 


Component 


Antenna Diameter 


4.5 m 3m 


Single Per 

Unit Station 


Antenna subsystem 

7.0 

7.0 

3.0 

Low-noise receiver 

1.5 

3.0 

1.5 

HPA and power supply 

3.5 

7.0 

3.5 

Up/down converter 

9.0 

18.0 

9.0 

Baseband equipment 

12.0 

24.0 

12.0 

Automatic redundancy 


10.0 


Test and integration 


5.0 

3.0 

Total 


74.0 

32.0 


facturcri. The $9(000 up/dovn eonvartar i>t a raeant Bicroaerlp daiign that ia 
rapraaantativa of davieaa praaantly uaad in C-band eoamnicationa. Stability 
of oacillatora incorporatad in thaaa unita raaulta in fraquanciaa at tha out- 
puta of tha up/down eonvartar that ara typically within 1 kHa of noaiinal 
valuaa. (Fraquancy ahifta dua to inatability of tha aatallita fraquaney- 
tranalation oacillator ara aliaiinatad through uaa of a pilot tona tranaaittad 
by tha atation.) 

Tha up/down eonvartar ia of tha doubla^eonvaraion typa, ao that oparation 
through an altarnata tranapondar raquiraa only a changa of cryatal. Thia opar** 
ational flexibility ia aaaantial in a bulk-powar-ayataai earth atation( where 
the duration of any outage oniat be niniaiixed. It ia alao highly dealrable for 
the DSC population* Subatitution of a aingle-converaion up/down converter 
would reduce tha unit price froa $9(000 to parhapa $S(000| h«.^evar( tha re- 
quired retuning proceaa for tranaaiaaion through a aecond tranapondar aakea 
thia an undeairable alternative. 

The coat of baaeband equipMnt for a TDMA earth atation of the type under 
conaideration ia difficult to eatabliah with any preciaion. Moat TDHA earth 
atationa ara deaigned for coabined voice and data traffic ( at high data ratca( 
and conaequently are quite coatly. In Raference 21 ( Huated ind Dinwiddy dea- 
cribe a TIMA earth-atation deaign( for data only( that haa an eatimated recur- 
ring coat of $10(100 for the baaeband equipment. The TDMA burat rate ia 4 Mb/a, 
while the data rate of an individual channel ia 128 kb/a. The eatimated non- 
recurring coat to develop an engineering model and production prototype ia 
$260,000. 

Baaeband equipaient developed for the preaent applicat.oi. would differ in 
aeveral reapecta from that deacribed in Reference 23. The TDMA burat rate and 
the data channel (RTU data) rate in the preaenc caae would be limited to per- 
haps 100 kb/a and 5 kb/a, reapectively , for a bulk-power-ay a tern network. On 
the other hand, the frame period of 2 a ia 10 times larger than the value 
assumed in the paper. In addition, a coding/modulation combination beat 
suited to the present application would have to be selected. Despite these 
differences, both the recurring and nonrecurring costs should be similar to 
those of the baseband equipment described in the paper. However, to account 
for the effects of inflation, the recurring baseband-equipment cost will be 
taken as $12,000. 

The $10,000 allocated to equipment that automatically switches over to a 
redundant unit in the event of a component failure is little more than an 
educated guess at this point. A form of "chain" redundancy is assumed whereby 
no attempt is made to identify the failed component by electronic means; in- 
stead, a redundant chain of components, from baseband to RF, is substituted 
for the chain originally in use whenever a failure is detected. 

The need for automatic-switchover capability is a subjective matter. At 
a manned generation plant, with the earth station assumed to be close by, a 
failure can be rectified in minutes by manually switching to the redundant 
component. During this brief period, the alternate connunication mode would 
be employed. In the case of an unmanned BPS or switching station, reliance on 
the alternate communication mode would be required for a longer period of time. 
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Tha priea of a fully radundant 4.5-a aarth atation with autoutie- 
■witehovar capability is aatiaatad at |74,000t that of a nonradundant 3.5-« 
atation, at $32,000. Thaaa pricaa ara baaad on racurrint eoata only. Howavar, 
if aatallita tranaaiiaaion ahould ba widaly adoptad for bulk-povar-ayataai and 
DSC control, a aufficiant maabar of aarth atationa would ba ordarad ao that 
nonracurring eoata would not aignificantly iwpact tha aarth-atation prica. 

If it wara daairad to daaonatrata tha uaa of aatallita tranaaiaaion for 
control-ayataa cowaunicationa , it would ba nacaaaary to uaa baaaband aquipaant 
that ia aora ganaral~purpoaa in natura than would ba tha caaa for aquipaant 
davalopad aapacially for tha utility application. For axaapla. Digital 
Coaaunicationa Corporation auirkata a 4.S^ aarth atation callad a DYNAC 
tarainal with daaand-aaaignad TDM4 capability. Tha tarainal haa 42 porta 
(i.a., it can ac.conaodato 42 data channalo) end haa conaidarably aora diag- 
noatic capability than would be raquirad for tha utility application. In 
aaall quantitiaa and without redundancy, thaaa aarth atationa aell for about 
$50,000. 


SECTION IX 


CONCLUSICHIS AND RECOMMENDATIONS 


It h«M been dMona traced chat bulk-pow«r-aysCM coHBunieatioaa can ba 
provided via sacellicet at reaaonable cost* uaing present technology. Whether 
uaed in a primary or backup capacity, satellite transaiission can significantly 
improve Che overall coaminicac ion-system reliability. It is anticipated that 
the attractiveness of satellite links for a particular utility will depend in 
part on the extent to 'hich the cousninications capability needs to be upgraded 
as the result of control-system modernisation. 

Because bulk-power-system satellite links would presumably provide one 
of two alternate communication modes between e«sch pair of installations, the 
Lwo modes would have to be made mutually cooq>atible. For example, if the 
other (terrestrial) mode is already established and operates with half-duplex 
transmission, two possibilici.es exist. Either the satellite links would have 
operate in Che soae mauner, with an attendant increase in operational 
LjmplexiCy, or a separate set of protocols would have to be established for 
satellite transmission. The latter choice implies a replication of certain 
functions and equipment Chat would not be necessary if a cosnon set of 
protocols could be adopted. 

DSC comnunications via satellite is also feasible using present C-band 
satellites, for those units large enough to warrant Che estimated $32,000 
expenditure for a 3-m earth station. Pending PCC approval of C-band trans- 
mission by 3-m stations, a 4.5-m antenna could be employed, at an additional 
cost of about $5,000, at sites where physical sise is not a problem. 

C-band comnunications would seem to provide an ideal means of control 
for remotely located DSGs, where the terrain renders the terrestrial alter- 
natives infeasible, or at least unattractive. In more populous areas, the 
number of sites that can be coordinated with terrestrial services for C-band 
operation may be limited. Although R^-band transmission would largely avoid 
this problem, operation in this band depends on the deployment of a satellite 
intended to accommodate narrowband transmission. On Che other hand, the advent 
of a satellite payload designed for general distribution-system use could serve 
DSC needs as well. 

The feasibility of comnunicating via satellite to distribution-aystem 
sites for operational- and load-management purposes hinges on two factors: 

Che need for a new frequency allocation and Che cost of earth-terminal equip- 
ment. These two factors are interrelated, as equipment prices generally 
increase with frequency. Because of these potential hurdles, the feasibility 
of using S-band frequencies deserves further examination. Specifically, the 
compatibil icy of satellite transmission with terrestrial services at S-band 
should be investigated. 

Regardless of the frequency selected, a hlgh-gain satellite antenna would 
be required to permit the use of low-cost ground equipment. There are 
plans to demonstrate low Interference, multiple spot-beam, hlgh-galn antenna 
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technology for the Lend Mobil* Satellit* 8*rvic*i but th* frequency band 
allocated to thla aervic* la not available to the utility application. 
Nonathalaaa, there ara aany attractive faaturaa of thla technology which ***■ 
appropriate and attractive to th* projected future neada of th* alactrlc- 
utillty Induatry. Thaa* Include aaa* of wide area covaraga, potentially low- 
coat ground tanalnala, network flaxibility, relative Indapandanc* froa th* 
power ayataa, and high Inforaatlon tranafar rat* capability. Thaa* charactar- 
latlca argue for further Invaatlgatlon of utlllnatlon of aatallitaa with large 
antennae a* an option for aany electric-utility functlc.ia. If nacaaaary, th* 
currently available frequency allocation should be reexaalned. 

The coat effectlveneaa of a satellite network when applied to, or ahared 
by. th* electric utility Induatry reauilna to be eatabllahed, but ahared us* 
aeeas nost promising. Besides the Land Mobile Satellite Service, other poten- 
tiol uaers having similar requirements might Include oil and gas dlstrlbutlo'i, 
production, and exploration companies, awdlcal data exchange networks, 
emergency warning networks, etc. 

In light of the above, th* following near-term actions are recommended: 

(1) Conduct a follow-on traffic study to include mobile communications 
requirements of electric utilities and the special requirements of 
major transmission utilities such as TVA, Bonneville, or the 
Western Area Power Aiiai< nlstration. 

(2) Conduct a follow-on frequency managment study to investigate Inter- 
ference, coordination, and assignment issues In greater depth, 
particularly at S-band and lower. 

(3) Porumulate a program of experimentally exploring, in partnership 
with a utility, the feasibility of key concepts developed In this 
and the follow-on studies, but using existing C-band satellites. 
Such a program might includo, for example, the establishment of an 
experimental link for monitor and control of various bulk-power- 
system units. 

(4) Identify and survey other potential users of a "narrow band,” 
fixed-satellite service system. Identify user requirements and 
develop estimates of potential communications traffic. 
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APPENDIX A 


D18PBI8BD STOBAGB AMD GENERATION DEFINITIONS^ 


Hydroclactric Puaptd Storag* A bidiractioktal hydro plant ptnipa watar 

froa a lowar raaarvoir to a highur ona 
during perioda whan tha utility is under 
light load. During haaviar load pariods 
tha hydro plant ganaratas powar from the 
flow of watar down to the lower reservoir. 
These flows stay be combined with a net 
average flow for irrigation or municipal 
water supply. Economies of scale have 
favored large installations, but smsller 
ones (of only a few megawatts) sre under 
active consideration, especially on the 
West Coast. 

Solar Thermal Electric These systems collect solar radiation to 

heat a working fluid to high temperatures 
to operate a isechanical-electrical 
generating system. Thermal energy storage 
Biay be included in the approach, and excess 
heat from the system can be used for other 
purposes, such as space heating. A wide 
range of power levels and equipment types 
can use this approach; however, the method 
is not presently fully commercialized. 

Photovoltaics Photovoltaic cells convert l;.ght energy 

directly into electrical energy by the 
stimulation of the junctions of dissimilar 
materials by solar photons. Low solar in- 
tensity at the earth's surface (about 1 kW/m^) 
and relatively low cell efficiency (5 to 
20Z) combine to require extensive land 
areas to produce significant amounts of 
power. Insolation cycles and variable 
weather conditions further limit the 
amount and availability of photovoltaic 
power; conversion equipment is required to 
couple the dc output of the solar array to 
an ac power system. Consequently, a 
significant problem faced by users of 
photovoltaic systems is the high initial 
capital cost. Because considerable 
resources are presently being devoted to 
the reduction of these costs, competitive 
photovoltaic equipment should become 
available by the raid 1980s. 
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Wind 


Wind t*n«raClon ■ystams employ • propeller 
or e wind turbine to drive an elternetor 
either directly or through e gearbox. For 
utilitlea. thaae ayatema nay conalat of 
one or more nodarete-alEed unita (200 kW 
to 3 MU). Control ayitena for wind 
generatora muat decouple the generator in 
very light winda to avoid having the 
propeller driven by motor action. In very 
heavy winda the ayaten muat again be ahut 
down to avoid damage. Becauae of thla, 
and becauae wind la not generally a ateady 
reaource, wind ayatema preaently are 
uneconomical. However, like photovoltaics , 
thla la a dynamic situation. 

Storage Battery Storage batterlea are not truly sources of 

electrical power. In fact, their normal 
inefficiency involves a net power loss. 
However, the availability of power that 
can be rapidly controlled in combine- tlon 
with a non-control lable power source (such 
an wind or solar) can provide a steadier 
output to the power system. Batterli. 
employ electro-chemlcally dissimilar 
electrodes in conjunction with an 
electrolyte to provide a means of con- 
verting electrical energy to chemical form. 
This stored chemical energy may be sub- 
sequently released as electrical energy 
through a suitable external circuit. For 
utility systems, an Inverter is required 
to change the stored dc energy Into ac 
power although transformation and rectifi- 
cation are required to charge the battery 
from ac lines. 

Storage, in general, improves the utility 
load factor and thus reduces the n.cl cost 
of energy by improving the use of existing 
equipment . 

Hydroelectric Hydroelectric plants convert the energy of 

naturally flowing water to electrical 
energy by using water turbines to drive 
electrical generators. Small units located 
on minor rivers or streams may use this 
source of energy to supply local needs 
through connection to distribution feeders. 

The economies of scale are such that 
relatively small hydro-generators are 
ecoi'jmlcal. The technology is already 
developed. 
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Oo-gaMration 


Co-ganaration la tha e«abinad production 
of proeaaa haat and alaeericity« Xndua- 
trloa and utilitlaa naading both of thaaa 
foma of anorgy can gonarally aehiava a 
not ravard in coat banafit by uaing a 
facility that fully uaaa tha haat of 
coabuation. For oxaaploi aoaa oidiauat 
• taaa trm a ataaai turbina aay ba cant to 
naarby coaMrcial or induatrial facilitiaa, 
whila tha raMaining haat and ataaa ic uaad 
for local apaca haating or aanufacturing 
procaa^ac. Bacauaa sany co-ganaration 
facilitiaa uaa oil-firad gaa turbinac, 
thay do not contributa toward a national 
goal of raducad oil iaporta. Rowavar, 
eo-gonaration doaa oaploy a fully dovalopod 
tochnology and ia of UoMdiato aconontic 
banafit. Co-ganaration aaiat ba canaidarad 
in any diacuaaion of D80. 
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